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e Internet: 


FARRIS R 


SEMICONDUCTOR 


http://www.semi.harris.com 


° 1-800-442-7747 (N.A. Only), or 407-727-9207, 


Ext. 7735 
First Name Last Name 
(PLEASE PRINT) (PLEASE PRINT) 
Title Company 
Address 
City State Zip 
Phone Fax 


eply for More Information! 


¢ Technical Assistance: 


e AnswerFAX: 


LJ Add my name to your mailing list. 


1. Do you have access to CD-ROM capabilities? 


LJ At Work LJ At Home LJ No 

2. Do you have access to the Internet? 
LJ At Work LJ At Home LI No 

3. What is your preferred source of product data sheets? Select one: 
LJ Data Books LJ CD-ROM LJ Internet 


(] Stand-Alone Data Sheets 
4. Would you prefer to have a CD-ROM Data Book, a printed Data 


Book, or both? 
J CD-ROM Book 


(J Printed Book 


LJ} Both 


E-mail centapp @ harris.com 


1-407-724-7800 


MI 


MS 


Country 


E-Mail 


5. Which best describes your current design stage? Select one: 


A. Information Collection 
B. Prototyping 
C. Design Concept 


D. Initial Production 
E. Breadboarding 
F. Full Production 


6. When will your design be finalized? 


Month Year 

7. Expected Annual Volume at full production. Select one: 
A. 1 to 999 C. 5K to 100K 
B. 1K to 4999 D. > 100K 


This location has as its primary function: Select one: 


A. Manufacturing 


Which category best describes your primary end market? Select One: 


1100 Video/Imaging 
1101 - Desktop Multimedia 
1102 - Prof/Broadcast Video 
1103 - Medical Imaging 
1104 - Cable TV 
1105 - Video Conferencing 
1199 - Other Video/Imaging 
1200 Wireless Communication 
1201 - Base Stations 
1202 - Wireless LAN/PCS/PB 
1203 - Handset/Terminals 
1204 - Satellite Communication 
1205 - Wireless Local Loop 
1299 - Other Wireless Comm. 
1300 Government/Military 
1301 - Space 
1302 - Guidance/Control 
1303 - Radar 
1304 - Communications 


Which best describes your job 
function? Select one:____ 

. Consultant 

. Corporate/Operating Management 
. Documentation 

. Education 

. Engineering 

. Manufacturing 

. Marketing 
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1305 - Avionics 

1399 - General Gov’t/Military 
1400 Telecom 

1401 - PBX or CO Line Cards 
1402 - Fiber-in-the-Loop 

1403 - Wireless Local Loop 
1404 - Fiber Optics 

1405 - ADSL/HDSL 

1406 - Other High Speed Datacomm 
1499 - Other Telecom 
1500 Computers/Peripherals 
1501 - Laptops/Palmtops 

1502 - Desktop PCs 

1503 - Workstation/File Server 
1504 - Disk/Tape Drives 

1505 - Printers/Plotter/Scanner 
1506 - Datacomm 

1599 - General Computer/EDP 


H. Purchasing 

1. Quality Assurance 

J. Sales 

K. Systems 

What is your primary product 
interest? Select one:___ 

A. Analog 

B. Protection Devices 

C. Power Control 


1600 Transportation/Consumer 
1601 - Power Train 

1602 - Vehicle Control 

1603 - Safety & Convenience 

1604 - Driver Information 

1605 - Entertainment 

1606 - Electric Vehicles 

1607 - Consumer 

1699 - Other Transportation 
1700 Power Supply/Power Mgmt 
1701 - UPS (Uninterruptible Power 

Supplies) 

1702 - AC-DC Power Supplies 
1703 - DC-DC Power Supplies 
1704 - Transmission Lines 

1705 - Utility Substations 

1706 - Panel Boxes 

1707 - General Protection 

1799 - Other Power Supplies/Mgmt 


. Converter 
. Digital 
DSP 
. Telecom 
. Rad Hard 
Power Discrete 
Multimedia 
. Wireless 
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TAPE OR STAPLE 


B. Design C. Both 


1800 Motor Control 
1801 - AC Motors 
1802 - 3 Phase Motors 
1803 - Brushless 
1804 - DC Motors 
1805 - Stepper Motors 
1899 - Other Motor Control 
1900 Industrial Controls & 
Instrumentation 
1901 - Manufacturing System 
1902 - High Speed Instrumentation 
1903 - Handheld Instruments 
1904 - Medical Electronics 
1905 - HVAC 
1906 - Automatic Test Equipment 
(ATE) 
1999 - General Industrial & 
Instrumentation 


2000 Other Electronics, Not 
Listed Above 


Which best describes your job 
responsibility Select one:____ 
. President/Owner 

. Vice-President/Director 

. Manager/Section Head 

. Engineer 

. Assistant 

. Independent Contractor 
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Electronic Technical Support 
most current information possible. 


http://(www.semi.harris.com 


e Latest Literature Revisions 
¢ New Product Listing 

e Product Information 

e Design Support 

¢ Contact Information 


(407) 724-7800 


e Latest Literature Revisions 
e New Product Listing 
e Data Book Request Form 


CENTRAL centapp @harris.com, or 1-800-4HARRIS 
APPLICATIONS 7 . a . 
a7 EMAIL Technical Application Assistance 


BUSINESS REPLY MAIL 


FIRST CLASS PERMIT NO. 395 KING OF PRUSSIA, PA 


POSTAGE WILL BE PAID BY ADDRESSEE 


Cm) Ris 


CEJ seEmMmicoNDUCTOR 


LITERATURE DISTRIBUTION CENTER 
TELESPECTRUM WORLDWIDE, INC. 
640 ALLENDALE ROAD 


KING OF PRUSSIA, PA 19406-9757 


Electronic services from Harris Semiconductor offer you the 


See our 
Specs In 


CAPS 


NO POSTAGE 
NECESSARY 


IF MAILED 


IN THE 
UNITED STATES 


$5.00 
HARRIS 


SEMICONDUCTOR 


TECHNICAL ASSISTANCE 


Harris Marketing Support Services (HMSS) 


HMSS provides world-class service to customers requiring information on all products offered by Harris 
Semiconductor. Ask Harris Marketing Support Services for answers concerning: 


e Product Identification ¢ Distributor Stocking Levels 
¢ Availability ¢ Requests for Literature and Samples 
¢ Competitive and Obsolete Cross-Reference 


HMSS services are available from 8:00am to 8:00pm EST. Within the United States, call 1-800-4HARRIS. 
Callers from outside the United States, dial (407) 727-9207. 


HMSS is the initial contact for customers who need technical assistance with the selection and use of 
our products. Callers have the option to be connected directly to the Central Applications Group. 


Central Applications 


Ask our experienced staff of engineers for assistance with: 


¢ Device Selection 
¢ Specification Interpretation 
¢ Applications for Any Harris Product 


Central Applications serves you Monday through Thursday 8:00am to 7:00pm and Friday 8:00am to 
5:00pm EST. Within the United States, call 1-800-4HARRIS. Callers from outside the United States dial 
(407) 727-9207. 


Central Applications’ knowledge of our portfolio can provide you with a total system design solution 
using the latest Harris devices! 


Electronic Technical Support 
Electronic services from Harris Semiconductor offer you the most current information possible. 


www.semi.harris.com http://www.semi.harris.com 


= e Latest Literature Revisions 
Ee] e New Product Listing 
¢ Product Information 
¢ Design Support 
¢ Contact Information 


(407) 724-7800 


¢ Latest Literature Revisions 
e New Product Listing 
¢ Data Book Request Form 


see our 

CENTRAL centapp @harris.com, or 1-800-4HARRIS SpeCs IN 
APPLICATIONS ‘ teat m~~ARC 
S EMAIL Technical Application Assistance C APS 
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HARRIS DATA ACQUISITION PRODUCTS 


Harris Semiconductor is a pioneer in developing and producing advanced 
products for the most demanding Commercial, Industrial and Military applications 
worldwide. Harris offers an extensive line of components including: A/D 
Converters, D/A Converters, Switches, Multiplexers, Serial Interfaces, and 
Counters with Display Drivers and Timebase Generators. 


This data book fully describes Harris Semiconductor's Data Acquisition ICs. It 
includes a complete set of data sheets for product specifications, application note 
abstracts, and a description of the Harris Quality and Reliability program. Section 
17, Harris’ On-Line Services, describes how our customers have access to the 
most recent technical updates. 


It is our intention to provide you with the most up-to-date information on Data 
Acquisition Products. For complete, current and detailed technical specifications 
on any Harris devices, please contact the nearest Harris sales, representative or 
distributor office, listed in Section 18; or direct literature requests to: 


Harris Semiconductor Data Services Department 
P.O. Box 883, MS 53-204 
Melbourne, FL 32902 
Phone: 1-800-442-7747 
Fax: 407-729-1187 


For a complete listing of all Harris Semiconductor products, please refer to the 
Product Selection Guide (PSG201; ordering information above). 


See Section 17 for Harris’ On-Line Services 


All Harris Semiconductor products are manufactured, assembled and tested under ISO9000 quality systems certification. 


Harris Semiconductor products are sold by description only. Harris Semiconductor reserves the right to make changes in circuit design and/ 
or specifications at any time without notice. Accordingly, the reader is cautioned to verify that data sheets are current before placing orders. 
Information furnished by Harris is believed to be accurate and reliable. However, no responsibility is assumed by Harris or its subsidiaries for 
its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by implication 


or otherwise under any patent or patent rights of Harris or its subsidiaries. 
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FOR COMMERCIAL, INDUSTRIAL, AND MILITARY APPLICATIONS 


New Products eae 
General Information Bee 


A/D Converters - Display 

A/D Converters - High Speed aos 
A/D Converters - Integrating a 
A/D Converters - SAR co. 

A/D Converters - Sigma Delta 
Communication Interface a 


Counters with Display Drivers/Timebase Generators aS 


D/A Converters 
Multiplexers 


- - 
© = she 


DATA ACQUISITION PRODUCTS 
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Special Purpose pe 


Switches @&E: 


Harris Quality and Reliability 


Application Note and Technical Brief Abstracts 15 


Packaging Information 16 


Harris’ On-Line Services BY 
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NEW PRODUCTS 


New Products from Harris Semiconductor 


PART NUMBER DESCRIPTION DOCUMENT NUMBER 
DATA ACQUISITION 
DG406, DG407 Single 16-Channel/Differential 8-Channel, CMOS Analog Multiplexers 3116 
HI1106 8-Bit, 35 MSPS, High-Speed D/A Converter (TTL Input) 4113 
HI1172 6-Bit, 20 MSPS, Video A/D Converter (CMOS) 4102 
HI1177 8-Bit, 40 MSPS, YC 2-Channel D/A Converter 4114 
HI1178 8-Bit, 40 MSPS, RGB 3-Channel D/A Converter 4115 
H11260 8-Bit, 35 MSPS, RGB 3-Channel D/A Converter (TTL Input) 4112 
H11826 6-Bit, 140 MSPS, Flash A/D Converter 4107 
HI1866 6-Bit, 140 MSPS, Flash A/D Converter 4108 
HI20203 8-Bit, 160 MSPS, Ultra High-Speed D/A Converters 4096 
HI20206 8-Bit, 35 MSPS, RGB 3-Channel D/A Converter (TTL Input) 4111 
HI2300 8-Bit, 18 MSPS, Video A/D Converter with 3.3V Power Supply Operation Function 4103 
HI2301 8-Bit, 30 MSPS, Video A/D Converter with Built-In Amplifier/Clamp 4104 
HI2302 8-Bit, 50 MSPS, Video A/D Converter with Clamp Function 4105 
HI2303 8-Bit, 3-Channel, 50 MSPS, Video A/D Converter With Clamp Function 4106 
HI2304 8-Bit, 20 MSPS, RGB 3-Channel D/A Converter 4116 
HI2307 10-Bit, 50 MSPS, RGB 3-Channel D/A Converter 4117 
HI2309 10-Bit, 50 MSPS, 3-Channel D/A Converter 4118 
H1I2315 10-Bit, 80 MSPS, 1-Channel D/A Converter (Ultra-Low Glitch Version) . 4119 
HI3026 8-Bit, 120 MSPS, Flash A/D Converter 4109 
HI3026A 8-Bit, 140 MSPS, Flash A/D Converter 4246 
HI3050 10-Bit, S0OMHz, High Speed 3-Channel D/A Converter 3936 
HI3086 6-Bit, 140 MSPS, Flash A/D Converter 4110 
HI3304 CMOS 4-Bit Flash A/D Converter 4137 
HI3306 CMOS 6-Bit Flash A/D Converter 4136 
HI3318 CMOS 8-Bit Flash A/D Converter 4135 
HI3338 CMOS 8-Bit R2R D/A Converter 4134 
HI5662 Dual 8-Bit, 60 MSPS, A/D Converter with Internal Voltage Reference 4317 
HI5728 10-Bit, 125 MSPS, Dual High Speed D/A Converter 4321 
HI5731 12-Bit, High Speed D/A Converter 4070 
HI5735 12-Bit, High Speed Video D/A Converter 4133 
HI5741 14-Bit, High Speed D/A Converter 4071 
HI5746 10-Bit, 40 MSPS A/D Converter 4129 
HI5760 10-Bit, 125 MSPS, High Speed D/A Converter 4320 
HI5762 Dual 10-Bit, 40/60 MSPS A/D Converter with Internal Voltage Reference 4318 
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NEW PRODUCTS 


New Products from Harris Semiconductor 


PART NUMBER DESCRIPTION DOCUMENT NUMBER 
HI5766 10-Bit, 60 MSPS A/D Converter 4130 
HI5767 10-Bit, 20/40/60 MSPS A/D Converter with Internal Voltage Reference 4319 
HI5804 12-Bit, 5 VSPS A/D Converter 4026 
HI5805 12-Bit, 5 MSPS A/D Converter 3984 
HI5808 12-Bit, 10 MSPS A/D Converter 4233 
HI5905 14-Bit, 5 MSPS A/D Converter 4259 
HI7188 8-Channel, 16-Bit, High Precision, Sigma-Delta A/D Sub-System 4016 
HI7190 24-Bit, High Precision, Sigma Delta A/D Converter 3612 
HI7191 Low Cost, 24-Bit, High Precision Sigma Delta A/D Converter 4138 
HIN202E thru HIN213E +15kV, ESD-Protected, +5V Powered, RS-232 Transmitters/Receivers 4315 
HIN200 thru HIN213 +5V Powered RS-232 Transmitters/Receivers with 0.1 Microfarad External Capacitors 3980 
HIN230 thru HIN241 +5V Powered RS-232 Transmitters/Receivers 3138 
HIN232A High Speed +5V RS-232 Transmitter/Receiver with 0.1Microfarad External 4316 
Capacitor 
68HC05 MICROCONTROLLERS AND PERIPHERALS 
CDP68HC05C16B 8-Bit Microcontroller Series 4249 
CDP68HCO5P4B 8-Bit Microcontroller Series 4345 
DIGITAL SIGNAL PROCESSING 
ST-114HSP50214EVAL ST-114 Harris HSP50214 Evaluation Board 4305 
HSP50214 Programmable Downconverter 4266 
HSP50215 Digital Upconverter 4346 
HSP50306 Digital QPSK Demodulator 4162 
HSP50307 Burst QPSK Modulator 4219 
HSP50307EVAL Burst QPSK Modulator Evaluation Board 4239 
DISCRETE POWER 
HGT1S20N60C3R, HGT1S20N60C3RS 
HGTD3N60C3, HGTD3N60C3S 6A, 600V, UFS Series N-Channel IGBT 4139 
HGTD3N60B3, HGTD3N60B3S, 7A, 600V, UFS Series N-Channel I|GBT 4368 
HGT1S3N60B3, HGT1S3N60B3S, 
HGTP3N60B3 
HGTP3N60B3D, HGT1S3N60B3D, 7A, 600V, UFS Series N-Channel IGBT with Anti-Parallel Hyperfast TBD 
HGT1S3N60B3DS Diode 
HGTP12N60C3R, HGT1S12N60C3R, 24A, 600V, Rugged UFS Series N-Channel IGBT TBD 
HGT1S12N60C3RS 
HGTP12N60C3DR, HGT1S12N60C3DR, 24A, 600V, Rugged UFS Series N-Channel IGBT with Anti-Parallel Ultrafast Diode TBD 


HGT1S12N60CRDRS, HGTG12N60C3DR 
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New Products from Harris Semiconductor 


PART NUMBER | DESCRIPTION DOCUMENT NUMBER 
HGTD7N60C3, HGTD7N60C3S, 14A, 600V, UFS Series N-Channel IGBT 4141 
HGTP7N60C3 
HGTG12N60C3D 24A, 600V, UFS Series N-Channel IGBT with Anti-Parallel Hyperfast Diode 4043 
HGTG15N120C3D 35A, 1200V, UFS Series N-Channel IGBT 4267 
HGTG20N60C3DR 40A, 600V, Rugged, UFS Series N-Channel IGBT with Anti-Parallel Ultrafast Diode 4234 
HGTG27N60C3DR 54A, 600V, Rugged UFS Series N-Channel IGBT with Anti-Parallel Ultrafast Diode 4262 
HGTG27N60C3R 54A, 600V, Rugged UFS Series N-Channel IGBT 4245 
HGTG30N60C3 63A, 600V, UFS Series N-Channel IGBT 4042 
HGTG30N60C3D 63A, 600V, UFS Series N-Channel IGBT with Anti-Parallel Hyperfast Diode 4041 
HGTG40N60C3R 75A, 600V, Rugged, UFS Series N-Channel IGBT 4312 
HGTP12N60C3, HGT1S12N60C3, 24A, 600V, UFS Series N-Channel IGBT 4040 
HGT1S12N60C3S 
HGTP3N60C3D, HGT1S3N60C3D, 6A, 600V, UFS Series N-Channel IGBT with Anti-Parallel Hyperfast Diode 4140 
HGT1S3N60C3DS 
HGTP7N60C3D, HGT1S7N60C3D, 14A, 600V, UFS Series N-Channel IGBT with Anti-Parallel Hyperfast Diode 4150 
HGT1S7N60C3DS 
HGTP12N60C3D, HGT1S12N60C3D, 24A, 600V, UFS Series N-Channel IGBT with Anti-Parallel Hyperfast Diode 4261 
HGT1S12N60C3DS 
HGTP15N120C3 35A, 1200V, UFS Series N-Channel IGBT 4244 
RF1K49211 12V, 7A, 0.020 Ohm, Single N-Channel, Logic Level 4303 
RF1K49221 60V, 2.5A, 0.130 Ohm Dual N-Channel 4314 
RF1K49223 30V, 2.5A, 0.150 Ohm, Dual P-Channel 4322 
RF1K49224 30V, 2.5A, 0.150 Ohm, P-Channel, 30V, 3.5A, 0.060 Ohm, N-Channel, 4330 

Complementary N/P Channel 
RF1S4N100, RF1S4N100SM 1000V, 4A, 3.5 Ohm, N-Channel TBD 
RF1S15N06, RF1S15NO6SM 60V, 15A, 0.140 Ohm, N-Channel, Logic Level TBD 
RF1S15NO8L, RF1S15NO8LSM 80V, 15A, 0.140 Ohm, N-Channell, Logic Level TBD 
RF1S17NO6L, RF1S17NO6LSM 60V, 17A, 0.100 Ohm, N-Channel, Logic Level TBD 
RF1S22N10, RF1S22N10SM 100V, 22A, 0.080 Ohm, N-Channel TBD 
RFD8PO6LE, RFD8PO6LESM 60V, 8A, 0.300 Ohm, P-Channel, Logic Level 4273 
RFD16NO02L, RFD16NO02LSM 16A, 20V, 0.022 Ohm , N-Channel Logic Level Power MOSFET 4341 
RFD16NO3L, RFD16NO3LSM 16A, 30V, 0.025 Ohm, Avalanche Rated N-Channel Logic Level, Enhancement- 4013 
Mode Power MOSFETs 
RFG45NO6LE, RFP45NO6LE, 45A, 60V, 0.028 Ohm, ESD Rated, Avalanche Rated, Logic Level N-Channel, 4076 
RF1S45NO6LE, RF1S45NO6LESM Enhancement-Mode Power MOSFETs 
RFGSONO6LE, RFP50ONO6LE, 60V, 50A, 0.022 Ohm, N-Channel, Logic Level 4072 
RF1SS5SONO6LE, RF1SSONO6LESM 
RFP8PO6LE 60V, 8A, 0.300 Ohm, P-Channel, Logic Level 4273 
RFP42NO8L, RF1S42NO3L, RF1S42NO3LSM 42A, 30V, 0.025 Ohm, N-Channel Logic Level Power MOSFETs 4302 
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NEW PRODUCTS 


New Products from Harris Semiconductor 


PART NUMBER DESCRIPTION DOCUMENT NUMBER 
RFP45N02L, RF1S45NO02L, RF1S45NO02LSM 45A, 20V, 0.022 Ohm, N-Channel Logic Level Power MOSFETs 4342 
HUF75307P3, HUF75307D3, HUF75307D3S_ 13A, 55V, 0.090 Ohm, N-Channel UltraFET(TM) Power MOSFET 4353 
HUF75309P3, HUF75309D3, HUF75309D3S_ 17A, 55V, 0.070 Ohm, N-Channel UltraFET(TM) Power MOSFET 4358 
HUF75321D3, HUF75321D3S 20A, 55V, 0.032 Ohm, N-Channel UltraFET(TM) Power MOSFET 4351 
HUF75321P3, HUF75321S3, HUF75321S3S 31A, 55V, 0.0320hm, N-Channel UltraFET(TM) Power MOSFET 4360 
HUF75329G3, HUF75329P3, HUF75329S3, 42A, 55V, 0.025 Ohm, N-Channel UltraFET(TM) Power MOSFET 4361 
HUF75329S3S 
HUF75329D3, HUF75329D3S 20A, 55V, 0.025 Ohm N-Channel UltraFET(TM) Power MOSFET TBD 
HUF75333G3, HUF75333P3, HUF75333S3, 56A, 55V, 0.016 Ohm, N-Channel UltraFET(TM) Power MOSFET 4362 
HUF75333S3S 
HUF75339G3, HUF75339P3, HUF75339S3, 70A,55V, 0.012 Ohm, N-Channel UltraFET(TM) Power MOSFET 4363 
HUF75339S3S 
HUF75343G3, HUF75343P3, HUF75343S3, 75A, 55V, 0.009 Ohm, N-Channel UltraFET(TM) Power MOSFET 4352 
HUF75343S3S 
HUF75345G3, HUF75345P3, HUF75345S3, 75A,55V, 0.007 Ohm, N-Channel UltraFET(TM) Power MOSFET 4365 
HUF75345S3S 
HUF75337G3, HUF75337P3, HUF75337S3, 58A,55V, 0.015 Ohm, N-Channel UltraFET(TM) Power MOSFET 4369 
HUF75337S3S 


LINEAR AND TELECOMMUNICATIONS 


HA456 150MHz, Low Power, 8 x 8 Video Crosspoint Switch 4153 
HA4244 480MHz, 1 x 1 Video Crosspoint Switch with Synchronous Enable 4078 
HC-5502B1 SLIC Subscriber Line Interface Circuit 4127 
HC5503 Subscriber Line Interface Circuit 4344 
HC-5504B1 SLIC Subscriber Line Interface Circuit 4125 
HC5515 Subscriber Line Interface Circuit 4235 
HC5517 Ringing SLIC Subscriber Line Interface Circuit 4147 
HC5519 SLIC Subscriber Line Interface Circuit 4232 
HC5520 SLIC Subscriber Line Interface Circuit 4148 
HC5521 SLIC Subscriber Line Interface Circuit 4265 
HC5523 Subscriber Line Interface Circuit 4144 
HC5526 Subscriber Line Interface Circuit 4151 
HC55171 5 REN Ringing SLIC Subscriber Line Interface Circuit 4323 
HC6094 ADSL Analog Front End Chip 4260 
HFA1412 Quad, 350MHz, Low Power, Programmable Gain Buffer Amplifier 4152 
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New Products from Harris Semiconductor 


PART NUMBER DESCRIPTION DOCUMENT NUMBER 
| MULTILAYER TRANSIENT VOLTAGE SURGE SUPPRESSORS 
UltraMOV Series - VO7E130, V10E130, Metal Oxide Varistors 4366 


V14E130, V20E130, VO7E140, V10E140, 
V14E140, V20E140, VO7E150, V10E150, 
V14E150, V20E150, VO7E175, V10E175, 
V14E175, V20E175, VO7E230, V10E230, 
V14E230, V20E230, VO7E250, V10E250, 
V14E250, V20E250, V07E275, V10E275, 
V14E275, V20E275, V07E300, V10E300, 
V14E300, V20E300, VO7E320, V10E320, 
V14E320, V20E320 


HAC Series - HAC120, HAC120L, HAC240, Two Electrode AC Line Protectors 4332 
HAC240L 
HG3 Series - HG3-1.0, HG3-1.0L, HG3-1.5, | Two Electrode High Voltage Surge Arresters 4336 


HG3-1.5L, HG3-2.0, HG3-2.0L, HG3-2.5, 
HG3-2.5L, HG3-3.0, HG3-3.0L, HG3-4.0, 
HG3-4.0L, HG3-5.0, HG3-5.0L, HG3-7.5, 
HG3-7.5L, HG3-8.5, HG3-8.5L 


HG Series, HG2 Series Two Electrode Surge Arrestors 4333 


HPMTS3 Series - HPMT3-150, HPMT3-150L, Three Electrode Surge Arresters 4337 
HPMT3-230, HPMT3-230L, HPMT3-250, 

HPMT3-250L, HPMT3-350, HPMT3-350L, 

HPMT3-400, HPMT3-400L, HPMT3-500, 

HPMT3-500L 


ML Series - V3.5MLA0603, Multilayer Surface Mount Transient Voltage Surge Suppressor 2461 


V14MLA0603, V18MLA0603 


MLE Series - V18MLE0603, V18MLE0805, Multilayer Surface Mount ESD Suppressor/Filter 4263 
V18MLE1206 
MULTIMEDIA 

HMP8112 NTSC/PAL Video Decoder 4221 
HMP8115 NTSC/PAL Decoder with VBI Capture 4283 
HMP8130 NTSC/PAL Decoder with PCI I/O 4354 
HMP8154 NTSC/PAL Encoder with Flicker Filter 4343 
HMP8156 NTSC/PAL Encoder 4269 
HMP8170 NTSC/PAL Video Encoders 4284 
HMP8171 NTSC/PAL Video Encoders with Macrovision 4284 
HMP8172 NTSC/PAL Video Encoders 4284 
HMP8173 NTSC/PAL Video Encoders with Macrovision 4284 
HMP8201 Audio Link Processor 4285 
HMP8320VCS H.320 Video Conferencing Chip Set 4348 
HMP8364 H.261 Video Codec 4286 
HMP9701 AC'97 Audio Codec 4287 
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NEW PRODUCTS 


New Products from Harris Semiconductor 


PART NUMBER DESCRIPTION DOCUMENT NUMBER 
INTELLIGENT POWER 
HIPOO51 0.25A/50V Octal Low Side Power Driverwith Serial Bus Control 4155 
HIPOO63 Hex Low Side MOSFET Driver with Serial or Parallel Interface and Diagnostic Fault 4009 
Control 
HIP1011 Power Distribution Controller 4311 
HIP2060 60V, 10A Half Bridge Power MOSFET Array 3983 
HIP2100 100V/2A Peak, Low Cost, High Frequency Half Bridge Driver 4022 
HIP4020 Half Amp Full Bridge Power Driver for Small 3V, 5V and 12V DC Motors 3976 
HIP4083 80V, 300mA Three Phase High Side Driver 4223 
HIP4086 80V, 0.5A Three Phase Driver 4220 
HIP5010, HIP5011 7V, 17A SynchroFET™ Complementary Drive Synchronous Half-Bridge 4029 
HIP5015, HIP5016 7V, 7A SynchroFET™ Complementary Drive Synchronous Half-Bridge 4142 
HIP5020 Integrated-Power Buck Converter Controller with Synchronous Rectification 4243 
HIP6002 Buck and Synchronous-Rectifier PWM Controller and Output Voltage Monitor 4270 
HIP6003 Buck Pulse-Width Modulator (PWM) Controller and Output Voltage Monitor 4274 
HIP6004 Buck and Synchronous-Rectifier PWM Controller and Output Voltage Monitor 4275 
HIP6005 Buck Pulse-Width Modulator (PWM) Controller and Output Voltage Monitor 4276 
HIP6006 Buck and Synchronous-Rectifier Pulse-Width Modulator (PWM) Controller 4306 
HIP6007 Buck Pulse-Width Modulator (PWM) Controller 4307 
HIP6008 Buck Pulse-Width Modulator (PWM) Controller and Output Voltage Monitor 4281 
HIP9021 Portable Battery Drive/Torque Controller for N-Channel MOSFETs in Motor Control 4055 
Systems 
MILITARY AND SPACE 

ACS541MS Rad Hard Octal Buffer/ Line Driver Three-State 4085 
ACS573MS Rad Hard Octal Three-State Transparent Latch 4093 
ACTS161MS Rad Hard 4-Bit Synchronous Counter 4095 
ACTS541MS Rad Hard Octal Three-State Buffer/Line Driver 4094 
ACTS573MS Rad Hard Octal Three-State Transparent Latch 4092 
FSFO055D, FSFO55R Rad Hard, SEGR Resistant N-Channel Power MOSFETs 4052 
FSF250D, FSF250R Rad Hard, SEGR Resistant N-Channel Power MOSFETs 4046 
FSF9150D, FSF9150R Rad Hard, SEGR Resistant P-Channel Power MOSFETs 4089 
FSF9250D, FSF9250R Rad Hard, SEGR Resistant P-Channel Power MOSFETs 4090 
FSJO55D, FSJ055R Radiation Hardened, SEGR Resistant N-Channel Power MOSFETs 4250 
FSL110D, FSL110R Rad Hard, SEGR Resistant N-Channel Power MOSFETs 4224 
FSL130D, FSL130R Rad Hard, SEGR Resistant N-Channel Power MOSFETs 4031 
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New Products from Harris Semiconductor 


PART NUMBER DESCRIPTION DOCUMENT NUMBER 
FSL230D, FSL230R Rad Hard, SEGR Resistant N-Channel Power MOSFETs 4032 
FSL234D, FSL234R Rad Hard, SEGR Resistant N-Channel Power MOSFETs 4030 
FSL9110D, FSL9110R Rad Hard, SEGR Resistant P-Channel Power MOSFETs 4225 
FSL9130D, FSL9130R Rad Hard, SEGR Resistant P-Channel Power MOSFETs 4083 
FSL9230D, FSL9230R Rad Hard, SEGR Resistant P-Channel Power MOSFETs 4084 
FSS130D, FSS130R Rad Hard, SEGR Resistant N-Channel Power MOSFETs 4059 
FSS230D, FSS230R Rad Hard, SEGR Resistant N-Channel Power MOSFETs 4054 
FSS234D, FSS234R Rad Hard, SEGR Resistant N-Channel Power MOSFETs 4053 
FSS430D, FSS430R Rad Hard, SEGR Resistant N-Channel Power MOSFETs 4060 
FSS9130D, FSS9130R Rad Hard, SEGR Resistant P-Channel Power MOSFETs 4082 
FSS9230D, FSS9230R Rad Hard, SEGR Resistant P-Channel Power MOSFETs 4081 
HS-1100RH Rad Hard, Ultra High Speed Current Feedback Amplifier 4100 
HS-1115RH | Rad Hard, High Speed, Low Power Output Limiting, Closed-Loop-Buffer Amplifier 4098 
HS-1120RH Rad Hard, Ultra High Speed Current Feedback Amplifier with Offset Adjust 4101 
HS-1135RH Rad Hard, High Speed, Low Power Current Feedback Amp with Programmable 4099 
Output Limiting 
HS-1145RH Rad Hard, High Speed, Low Power, Current Feedback Video Op Amp with Output 4227 
Disable 
HS-1212RH Rad Hard, Dual, High Speed Low Power, Video Closed Loop Buffer 4228 
HS-1245RH Rad Hard, Dual, High Speed, Low Power Video Operational Amplifier w/ Output 4229 
Disable 
HS-1412RH Rad Hard, Quad, High Speed, Low Power, Video Closed Loop Buffer 4230 
HS-1840ARH Rad Hard, 16 Channel CMOS Analog Multiplexer with High-Z Analog Input Protection 4355 
HS-22620RH Rad Hard Dual, Wideband, High Input Impedance, Uncompensated Operational 4349 
Amplifier 
HS-26C31 RH Rad Hard Quad Differential Line Driver 3401 
HS-26C32RH Rad Hard Quad Differential Line Receiver 3402 
HS-26CT31RH Rad Hard Quad Differential Line Driver 2929 
HS-26CT32RH Rad Hard Quad Differential Line Receiver 2930 
HS-5104ARH Radiation Hardened Low Noise Quad Operational Amplifier 3025 
JANSR2N7272 Formerly Available As FRL130R4 Radiation Hardened, N-Channel Power MOSFETs 4297 
JANSR2N7275 Formerly Available As FRL230R4 Radiation Hardened, N-Channel Power MOSFETs 4296 
JANSR2N7292 Formerly Available As FRF150R4 Radiation Hardened, N-Channel Power MOSFETs 4293 
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NEW PRODUCTS 


New Products from Harris Semiconductor 


PART NUMBER DESCRIPTION DOCUMENT NUMBER 
WIRELESS 

PRISM™ 2.4GHz Chip Set Direct Sequence Spread Spectrum Wireless Transceiver Chip Set 4063 
PRISM™ For Voice and Data 4238 
Full Duplex Radio Front End 

HFA3421 1.7GHz - 2.3GHz Low Noise Amplifier 4288 
HFA3424 2.4GHz - 2.5GHz Low Noise Amplifier 4131 
HFA3524 2.5GHZ/600MHz Dual Frequency Synthesizer 4062 
HFA3624 2.4GHz Up/Down Converter 4066 
HFA3661 2.0GHz to 2.7GHz Down Converter 4240 
HFA3663 2.3GHz UpConverter with Gain Control 4241 
HFA3664 2.7GHz UpConverter with Gain Control 4242 
HFA3724 400MHz Quadrature IF Modulator/Demodulator 4067 
HFA3726 400MHz Quadrature IF Modulator/Demodulator 4310 
HFA3761 400MHz AGC and Quadrature IF Demodulator 4236 
HFA3763 400MHz Quadrature Modulator and AGC 4237 
HFA3824 Direct Sequence Spread Spectrum Baseband Processor 4308 
HFA3925 2.4GHz - 2.5GHz 250mW Power Amplifier 4132 
HFA3926 2.0GHz - 2.7GHz 250mW Power Amplifier 4282 
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AD590 
AD7520 
AD7521 
AD7523 
AD7530 
AD7531 
AD7533 
AD7541 
AD7545 
ADC0802 
ADCO0803 
ADC0804 
CA3161 
CA3162 
CA3162A 
CA3304 
CA3304A 
CA3306 
CA3306A 
CA3306C 
CA3310 
CA3310A 
CA3318 
CA3338 
CA3338A 
DG200 
DG201 
DG201A 
DG202 
DG211 
DG212 
DG300A 
DG301A 
DG302A 
DG303A 
DG308A 
DG309 
DG401 
DG403 
DG405 
DG406 
DG407 
DG408 
DG409 
DG411 
DG412 
DG413 
DG441 
DG442 
DG444 


Alpha Numeric Product Index 


PAGE 
2-Wire, Current Output Temperature Transducer ........ 0.0.0. cece eee eee eens 12-3 
10-Bit, 12-8, Mullipiving D/A Convene? scciecceudscacsceeee ese coarse vese ree ees wee ewe 10-7 
10-Bit, 12-8, Multiptying DIA. COnereT wacacccas nsdn asene ened eee ednees Reehen enna ee 10-7 
B-Bit, Multipiving D/A Converiel’ ... 00.60 cenencwne vaewer ane Osnde seen Se ew ee wree deme 10-8 
1U-BiL, 12-Bn, Mulliplving DA COnverer < cisco ccesce wise eee eeue ae Oke Eee RE Rea eee 10-7 
10-Bil, 12-Ba, MUNIpiVving D/A COMVGME! .6sccicecdecdaseanerss sean eneeneanceneeseas 10-7 
S-Bit, Mullipning D/A COWGIE! 600s icon ee ees Keen Rae ee ee OE ee OR Ow os 10-8 
1, ONIN A RBIS! 6 cc dba sa eeeen she te eenate deeb bed ae POs eednsondee wer 10-9 
12-Bit, Buffered, Multiplying CMOS DAC ........... ccc eee eee 10-10 
8-Bit, Microprocessor-Compatible, A/D Converter oui. cscs ccc see e see esetesenaesenews 6-5 
8-Bit, Microprocessor-Compatible, A/D Converter .......... 0... cece eee eee eens 6-5 
8-Bit, Microprocessor-Compatible, A/D Converter ....... 0... 0. cece eee eee eens 6-5 
BCD to Seven Segment Decoder/Driver ........ 0... ccc ccc eee cree etre wenn eees 9-5 
Ai) Converter (or S-DIGN DISMAY osc ccs sccidaas cee ce see bbes cer POVN ESE RE DESEO Rw’ 3-5 
A/D Converter for 3-Digt Display 2... cc.ssescccvcsvastoscbecavees seeks ek ne ee ue anews 3-5 
4-Bit, 25 MSPS, Flash A/D Converter ................. PreTrerrrcetrrrere rir ee 4-7 
4-Bit, 25 MSPS, Flash A/D Converter ...... 0... 0. ccc cee eee eee ee eee ene eae 4-7 
Son, 19 MSS, FISH AID CONVENE! 1600s cee cs vde beeen een HOEK ERS O DES aW Oe ed won ee 4-8 
6-Bit, 15 MSPS, Flash A/D Converter ...... 2... cece eee eect eee teeta eenes 4-8 
6-5, 15 MSPS, Piessn A COWBNGl soa ccca cde ea Sete ee see Cee wA Kee ceo ORE TERS 4-8 
CMOS, 10-Bit, A/D Converter with Internal Track and Hold ............. 0.0 cece ee een ee 6-6 
CMOS, 10-Bit, A/D Converter with Internal Track and Hold .......... 0... cee eee eee eee eee 6-6 
CMOS Video Speed, 8-Bit, Flash A/D Converter ........ 0... 0. ccc eee eee ees 4-9 
CMOS Video Speed, 8-Bit, R2R D/A Converter ....... 0.0... ccc cee eee tenes 10-11 
CMOS Video Speed, 8-Bit, R2R D/A Converter... 0... cee ee eee teens 10-11 
CMOS DualQuad SPST Analog SWHCH ...cccecasvcbeenvenenetebsvabice neuen aeees 13-11 
CMOS Dual/Quad SPST Analog Switch 1.0... . 0... cc eee eee eee e ne eee 13-11 
Gad SPaT, CMOS AndiGG SWIGH oocccce ee c6Sr FAKES EEK C REREAD EROS ER DEA KS ewES 13-12 
Gua SPS, GMOS ANOS SWIC oc cccaccccantesseceeeeovase nee enete wer etaseenee 13-12 
seo 4Channel Analog SWHGH 1... ces0 ccc cunea peewee see bene s bach Eases ee ae ewes es 13-16 
Brot 4 Hanne! ANAIOd GWEN ci ccices nce cee eed en cab aUeub ewes eds edeeneosneeeeades 13-16 
TiL-Compatible, CMOS Analog SWIG 2. .0ccecccascissacacenseeeseaeseuvaneseosmes 13-21 
TT LAompaiie, CMOS ANGiOg SWHG accvc racer ee ceee hence Reread seneeebessenonees 13-21 
TTL-Compatibie, GMOS Analog SWICK . ccs ccccacecesteeun eensentaneveweeonuseuna ws 13-21 
TTL-Compatible, CMOS Analog Switch 0.0.0.0... 0.0 cece eee eee tee e een eeenes 13-21 
Quad Monolithic SPST, CMOS Analog Switch ....... 0.0... ee eee ete n ees 13-22 
Quad Monolithic SPST, CMOS Analog Switch ... 0.0.0.0... ccc cc eee eee eee ees 13-22 
Monolithic CMOS Analog Switch .......... 0... ccc ccc ee ec eee ee eee eee eeeees 13-23 
Monolithic CMOS Analog Switch .......... 0... ccc cc ee cece eee ene seeenenees 13-23 
Monoithic CMOS Analog SWICH ...006 cscs ceedsenuacdnnsuaeesvecduaeuneeheewuawpe 13-23 
Single 16-Channel/Differential 8-Channel, CMOS Analog Multiplexer ................- 11-13 
Single 16-Channel/Differential 8-Channel, CMOS Analog Multiplexer ................. 11-13 
Single 8-Channel/Differential 4-Channel, CMOS Analog Multiplexer .................0008. 11-25 
Single 8-Channel/Differential 4-Channel, CMOS Analog Multiplexer ..................004. 11-25 
Monolithic Quad SPST, CMOS Analog Switch .... 0.0... cece eee eee ae 13-33 
Monolithic Quad SPST, CMOS Analog Switch ... 0.0.0... ee ee teens 13-33 
Monolithic Quad SPST, CMOS Analog Switch ........ 0.0.0... cece eee eee een aae 13-33 
Monolithic, Quad SPST, CMOS Analog Switch .......0. 0.0.0.0... ccc eee eens 13-42 
Monolithic, Quad SPST, CMOS Analog Switch ........ 0.0.0.0... ccc cece eee eee ae 13-42 
Monolithic, Quad SPST, CMOS Analog Switch ........0 0.0.0... eee eee ence nas 13-52 
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DG445 Monolithic, Quad SPST, CMOS Analog Switch ........ 0... cece eee eens 13-52 
DG506A CMe PRSIOD MENIMIONG! ss ues done i nseie sand baud eabeeebocSee RANE O EERE ENED POWERS 11-39 
DG507A CMOS AliglOg MONIDIONO! cisco cec caciny oF ERE NSO PE REE HERS HO Oe dd Oe ORDA HER wewEe 11-39 
DG508A Coe SRBC S MINED occ xd aieees 06600 ees hk dO8 sa ebed OEE bohe On ee ee hEeR Ee OR OER 11-39 
DG509A Late PU RIG fc decd kx £25468 4446 G54 5d CONE CORK THRE WRG VEE RRO ees 11-39 
HI1106 8-Bit, 35 MSPS, High Speed D/A Converter (TTL Input) ........... 0... cece eee ences 10-14 
HI1166 6-Bit, 250 MSPS, Fiash A/D Converter ...ccccacncneweun deans vasmeeenwenseuuewunsas 4-10 
H11171 8-Bit, 40 MSPS, High Speed D/A Converter .......... ccc cece eee teens 10-26 
HI1172 6-Bit, 20 MSPS, Video A/D Converter (CMOS) ...........0-ccceccececcucccceceecece 421 
HI1175 8-Bi, 20 Mors, Fiasn A/D Convertor .xcas ceva dees Geen eeuee danse Rebs n seve vena ewes 4-28 
HI1176 8-Bit, 20 MSPS, Flash A/D Converter ........ 0... ccc eee eee eee eee teen eee 4-40 
HI1177 8-Bit, 40 MSPS, 2-Channel D/A Converter .......... 0c ccc eee c eect eee c ee eeeeseeens 10-33 
HI1178 Triple 8-Bit, 40 MSPS, RGB, 3-Channel D/A Converter ............. 2c cece ecccceeces 10-41 
HI1179 6-Bi, 25 MSPS, Video A/D Converter ..sccccesccav seers cesaceeaateuustascesecevews 4-51 
HI1260 Triple 8-Bit, 35 MSPS, RGB, 3-Channel D/A Converter .............cccccuecccccccees 10-51 
HI1276 8-Bit, 500 MSPS, Flash A/D Gonverier 2... ccc cca s cece anssnecccneanenenenupeneses 4-65 
HI1386 8-Bit, 75 MSPS, Flash A/D Converter ..... 2.20.0. .00 cece e eee eeeee eee eee ease en es 475 | 16 
HI1396 8-Bit, 125 MSPS, Flash A/D Converter ....... 0.00 ccc cece cece eee eee eee eee eeennnnes 4-83 = E 
HI-1818A Low Resistance, Single 8-Channel, CMOS Analog Multiplexer ............... 0.000000 11-52 - rs 
HI1826 6-Bit, 140 MSPS, Flash A/D Converter .......... ccc cece cee tcc teen eee ee eneees 4-92 Wo 
HI-1828A Low Resistance, Differential 4-Channel, CMOS Analog Multiplexer ..................004. 11-52 - > 
HI1866 6-Bit, 140 MSPS, Flash A/D Converter ........ ccc ccc cece ccc cece cere e ee ceeees 4-100 ~ 
HI-200 Dual SPST, OMOS Angled SWHCH ..ccexwccseeasscecdwceees ages ee essed ee enenenenws 13-62 
HI-201 Quad SPST, CMOS Analog SWHCN «2 ec cccees dunn vewaveeeanden denen eens were TTT 13-62 
HI-201HS High Speed, Quad SPST, CMOS Analog Switch ...... 0.0.0... ccc cee eee eens 13-72 
HI20201 10-Bit, 160 MSPS, Ultra High Speed D/A Converter ........... 0. ccc ee ees 10-64 
HI20203 8-Bit, 160 MSPS, Ultra High Speed D/A Converter .......... cc cee eee eee eee eee 10-74 
HI20206 Triple 8-Bit, 35 MSPS, RGB, 3-Channel D/A Converter ........ 0... ccc ee eee e cece enaes 10-84 
HI-222 High Froquency/Video Switch .. 0... cease cee e cece ease nae eens enescunesnsenenenws 13-83 
HI2300 8-Bit, 18 MSPS, Video A/D Converter with 3.3V Power Supply Operation .............. 4-113 
HI2301 8-Bit, 30 MSPS, Video A/D Converter with Amplifier/Clamp ............00ceeeeeeecees 4-121 
HI2302 8-Bit, 50 MSPS, Video A/D Converter with Clamp Function ............... cece eeeees 4-132 
HI2303 Triple 8-Bit, 50 MSPS, Video A/D Converter With Clamp Function ...............0.00: 4-148 
HI2304 Triple 8-Bit, 20 MSPS, RGB, 3-Channel D/A Converter ............0 cece eee cece eeeee 10-97 
HI2307 Triple 10-Bit, 50 MSPS, RGB, 3-Channel D/A Converter ........... 0c cece eee e eee eeee 10-108 
HI2309 Triple 10-Bit, 50 MSPS, 3-Channel D/A Converter ........... ccc eee eee e cece eee nes 10-118 
HI2315 10-Bit, 80 MSPS D/A Converter (Ultra-Low Glitch Version) ..........cccceeeeneccrecs 10-126 
HI-300 CMOS ANAING SWHOD 24 sccvides sieesaanee deans KSee ete eS Eee R HAS ed eRe ETE RRO HES 13-84 
HI-301 eels BYRON GWEN on 4 se ueke dx net oh esa ieee wwe kd Geeh ARE ROS deeded eee eRe dee 29 13-84 
HI-302 Cie ANOS CANON y onc ca weve vaeenennny OE Ene aeee see e eee KS EOE BEd Ow Ree we Oe 13-84 
HI3026 8-Bit, 120 MSPS, Flash A/D Converter ........ ccc ccc ccc ance cn ee sesccacsccsscnecs 4-165 
HI3026A 8-Bit, 140 MSPS, Flash A/D Convertor ...sscccsswccncwnncwerseorssennswstiuceawaes 4-181 
HI-303 Cet Ce) SOE 6x dade eed on leee aon eGean Heke sake aed babes aness bee heeens 13-84 
HI-304 Counce PRION GANG 5 566056 29045.068 2948 bud 49595 044444000 908s sha ee EX EEO ¥ OH 13-84 
HI-305 RS ANGIOG GWHON oc ceac cee ee cece kens DaS Gh HORE ORCS KORA ER OwE HRC E ROE Se EORE AS 13-84 
HI3050 Triple 10-Bit, 50 MSPS, High Speed, 3-Channel D/A Converter ............0 ee eeeeeeee 10-135 
HI-306 ans FOG SINGH 6 6 43-44656 059646655 0% ohh E4 4h) 0.0Gh8400008G 45s SeR ben OES OEG BR 13-84 
HI-307 ONS PUI) GARE 6.cido eve me creas 45046 05 CU Se Nee whe eee nb R RES DOES eRee eee 13-84 
HI3086 6-Bit, 140 MSPS, Flash A/D Converter ........ 0... ccc ee ee ee eee ee eee eee ees 4-197 
HI3197 13-BiL, 125 MSPS DIA Convene coisas cceee pees ees en bees ened sane sees oo eGe Dee ev aes 10-146 


NOTE: Bold type designates a new product from Harris. 
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HI-5040 
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HI-5044 
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6-Bit, 15 MSPS, Flash A/D Converter ........... 0c c eee eee eee e eee eeees 4-226 
8-Bit, 15 MSPS, Flash A/D Converter ......... ccc ccc ccc eee eee eee eee eeeeeees 4-241 
8-Bit, CMOS R2R D/A Converter ........ ccc ccc cette eee ee tee eee eee n eee eeaes 10-160 
2G AGG SI caenw cede Since Oba de hbeee buen le oe £058.0040E CEN Fede eens oH 13-94 
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Single 16-Channel CMOS Analog Multiplexer ....... 0.0.0... ccc eee eee eee eee 11-54 
Single 16-Channel CMOS Analog Multiplexer with Active Overvoltage Protection ........... 11-70 
8-Channel Differential CMOS Analog Multiplexer .......... 2... 0... cece eee eee 11-54 
8-Channel Differential CMOS Analog Multiplexer with Active Overvoltage Protection ......... 11-70 
Single 8-Channel CMOS Analog Multiplexer ......... 0.0... cece ee eects 11-54 
Single 8-Channel CMOS Analog Multiplexer with Active Overvoltage Protection ............ 11-70 
4-Channel Differential CMOS Analog Multiplexer ......... 0.0... cee eee eee ee 11-54 
Differential 4-Channel CMOS Analog Multiplexer with Active Overvoltage Protection ......... 11-70 
16-Channel/Differential 8-Channel, CMOS High Speed Analog Multiplexer ................ 11-84 
8-Channel/Differential 4-Channel, CMOS High Speed Analog Multiplexer ................. 11-91 
4-Channel Wideband and Video Multiplexer .......... 0... cece eee eee eee eee 11-98 
Monolithic 4-Channel, Low-Level, Differential Multiplexer ............ 0.0... c cece eee 11-104 
Single 16-Channel CMOS Analog MUX with Active Overvoltage Protection ................ 11-114 
8-Channel Differential CMOS Analog MUX with Active Overvoltage Protection ............. 11-114 
Single 8-Channel CMOS Analog MUX with Active Overvoltage Protection ................. 11-114 
Differential 4-Channel CMOS Analog MUX with Active Overvoltage Protection ............. 11-114 
High Speed Monolithic D/A Converter with Reference .............. 0c cece ee eee eee ees 10-12 
Dual 8-Bit, 60 MSPS, A/D Converter with Internal Voltage Reference ................4: 4-253 
6-Bil, 30 MSPS, Flash AVD Converter 1. cess nvasccctaacensnesssveserugwesabevesawa 4-254 
1O-Bil, 40 MSPS AID CORVONGD 2. psxkas ccd deven eens ener ened Ree eee new eek ee RD 4-266 
T0-Bil, 40 MSPS A/D CORVEMGL 2660 cc dc ceed ccaseceendanes O¥d Reena Hebe bese enn xe 4-279 
TO-Bil, 20 MSPS A/D COMNVOMEL cai ccis ceeee erase bene donee HONS SHAe eR UDN SORT HERO ON 4-292 
Bil, 40/60/75 Mars AD CONVENE! 05 cnc ccicducnntaKenes Shee reed ChE SHEN Coes eae 4-311 
10-Bit, 125 MSPS, High Speed D/A Converter ..... ccs cnsevcnsunensueneueseanuanaus 10-168 
10-Bit, 125 MSPS, Dual High Speed D/A Converter .......... 0... cece cece eee ete nnes 10-182 
12-Bit, 100 MSPS, High Speed D/A Converter ........... cece cece cece teeter eee eeees 10-183 
12-Bit, 80 MSPS, High Speed Video D/A Converter ............. cece eee ee eee e tenes 10-198 
14-Bit, 100 MSPS, High Speed D/A Converter .......... cece cece cece eee e ene eeeace 10-208 


NOTE: Bold type designates a new product from Harris. 


HI5746 
HI-574A 
HI5760 
HI5762 
HI5766 
HI5767 
HI5780 
HI5800 
HI5804 
HI5805 
HI5808 
HI5810 
H1I5812 
HI5813 
HI5905 
HI-674A 
HI7131 
HI7133 
HI-7159A 
HI7188 
HI7190 
HI7191 
H|-774 
HI-DAC80V 
HI-DAC85V 
HIN200 
HIN201 
HIN202 
HIN202E 
HIN203 
HIN203E 
HIN204 
HIN205 
HIN205E 
HIN206 
HIN207 
HIN207E 
HIN208 
HIN208E 
HIN209 
HIN211 
HIN211E 
HIN213 
HIN213E 
HIN230 
HIN231 
HIN232 
HIN232A 
HIN233 
HIN234 


Alpha Numeric Product Index (continuea) 


10-Bit, 40 MSPS A/D Converter . on nce seer cece nn sacseewensevvecnnsmneerwneseucune 
Complete, 12-Bit A/D Converter with Microprocessor Interface ................000000 0 ee 
10-Bit, 125 MSPS, High Speed D/A Converter .......... 0... cc cece eee eee 
Dual 10-Bit, 40/60 MSPS A/D Converter with Internal Voltage Reference ............... 
10-5, 60 MSPS Ald CONVENE! ccc ccccosc neu ctede ewes ees e eeu enn e nen ewews eee ews 
10-Bit, 20/40/60 MSPS A/D Converter with Internal Voltage Reference ................... 
10-Bit, 80 MSPS, High Speed, Low Power D/A Converter .......... 0.0000 cece ee ee eee 
12-Bil, 3 MSPS, Sampling A/D Converter ..ccca ntsc verse eves seees seers nenanwacneaws 
T2Bi, 5 MSPS All CONVENE! cscs einccewoeck de wed aw ns en sene ces dee ee eT e New eeee 
12-68, 5 MSPs AID CONVEIE! 5 i vec c cca shee e sec en ee cee nee wees euds taser ens euwnnen 
12-Bi, 10 MSPS A/D CORVEMIG! 6 oi oicoc cee e hes eh HERS ERTN ERED OREN OTHE DDR ERED 
CMOS 10 Microsecond, 12-Bit, Sampling A/D Converter with Internal Track and Hold ........ 
CMOS 20 Microsecond, 12-Bit, Sampling A/D Converter with Internal Track and Hold ........ 
CMOS 3.3V, 25 Microsecond, 12-Bit, Sampling A/D Converter with Internal Track and Hold ... 
14-Bi, S MSFs AC CONVENE! cs cc cece ces e ees ee ees ReeK RANT H SEN ORD DAO SSE R TRESS 
Complete, 12-Bit A/D Converter with Microprocessor Interface ...............000 0c eee 
3"o Digit, Low Power, High CMRR, LCD/LED Display-Type A/D Converter ................ 
3'/, Digit, Low Power, High CMRR, LCD/LED Display-Type A/D Converter ................ 
Microprocessor-Compatible, 5'/> Digit A/D Converter ............ 0... c cece eee cece ees 
8-Channel, 16-Bit, High Precision Sigma-Delta A/D Sub-System ...............0 ee eee 
24-Bit, High Precision, Sigma Delta A/D Converter .......... 2... cece ee eee eee eee 
Low Cost, 24-Bit, High Precision, Sigma Delta A/D Converter.............00 cece eeees 
Complete, 12-Bit A/D Converter with Microprocessor Interface ................00000 ee eue 
12-Bit, Low Cost, Monolithic D/A Converter .......... 0... ccc cee ee ee eee teens 
12-Bit, Low Cosi, Monolithic D/A Converter oc i5 nce cece cees ec ee sede runs ocean newer 
+5V Powered RS-232 Transmitter/Receiver with 0.1Microfarad External Capacitor ...... 
+5V Powered RS-232 Transmitter/Receiver with 0.1Microfarad External Capacitor ...... 
+5V Powered RS-232 Transmitter/Receiver with 0.1Microfarad External Capacitor ...... 
+/-15kV, ESD-Protected, +5V Powered, RS-232 Transmitter/Receiver ..............0.00. 
+5V Powered RS-232 Transmitter/Receiver with 0.1Microfarad External Capacitor ...... 
+/-15kV, ESD-Protected, +5V Powered, RS-232 Transmitter/Receiver ............00000. 
+5V Powered RS-232 Transmitter/Receiver with 0.1Microfarad External Capacitor ...... 
+5V Powered RS-232 Transmitter/Receiver with 0.1Microfarad External Capacitor ...... 
+/-15kV, ESD-Protected, +5V Powered, RS-232 Transmitter/Receiver ..............000: 
+5V Powered RS-232 Transmitter/Receiver with 0.1Microfarad External Capacitor ...... 
+5V Powered RS-232 Transmitter/Receiver with 0.1Microfarad External Capacitor ...... 
+/-15kV, ESD-Protected, +5V Powered, RS-232 Transmitter/Receiver ............0ee055 
+5V Powered RS-232 Transmitter/Receiver with 0.1Microfarad External Capacitor ...... 
+/-15kV, ESD-Protected, +5V Powered, RS-232 Transmitter/Receiver ...............00: 
+5V Powered RS-232 Transmitter/Receiver with 0.1Microfarad External Capacitor ...... 
+5V Powered RS-232 Transmitter/Receiver with 0.1Microfarad External Capacitor ...... 
+/-15kV, ESD-Protected, +5V Powered, RS-232 Transmitter/Receiver ............02000: 
+5V Powered RS-232 Transmitter/Receiver with 0.1Microfarad External Capacitor ...... 
+/-15kV, ESD-Protected, +5V Powered, RS-232 Transmitter/Receiver ............0.0005 
+5V Powered RS-232 Transmitter/Receiver ........... 0c cece cece cence eee eee 
+5V Powered RS-232 Transmitter/Receiver ..........0 ccc eee c cece eee ee eee eee eens 
+5V Powered RS-232 Transmitter/Receiver ............ ccc eee eee e cece eens 
High Speed, +5V, RS-232 Transmitter/Receiver with 0.1Microfarad External Capacitor ... 
+5V Powered RS-232 Transmitter/Receiver .......... 0c: cece cece eee eens 
+5V Powered RS-232 Transmitter/Receiver .......... 0. ccc cece ee eee eee eee eees 


NOTE: Bold type designates a new product from Harris. 
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INFORMATION 


HIN235 
HIN236 
HIN237 
HIN238 
HIN239 
HIN240 
HIN241 
ICL232 
ICL7106 


ICL7106S 


ICL7107 


ICL7107S 


ICL7109 
ICL7116 
ICL7117 
ICL7126 
ICL7129 
ICL7135 
ICL7136 
ICL7137 
ICL7139 
ICL7149 


ICL8052/ICL7104 
ICL8052/ICL71C03 
ICL8068/ICL7104 
ICL8068/ICL71C03 


ICL8069 

ICM7170 
ICM7211 
ICM7212 
ICM7213 


ICM7216A 
ICM7216B 
ICM7216D 


ICM7217 
ICM7224 


ICM7226A 
ICM7226B 


ICM7228 
ICM7231 
ICM7232 
ICM7243 
ICM7249 
IH5043 
IH5052 
IH5053 
IH5151 
IH5341 
IH5352 


Alpha Numeric Product Index (continued) 


PAGE 
+5V Powered RS-232 Transmitter/Receiver ......... ccc cece cece een teen een eanneee 8-29 
+5V Powered RS-232 Transmitter/Receiver ......... 0c cece eee e teen e eee ees 8-29 
+5V Powered RS-232 Transmitter/Receiver .......... 2... cece eee eect e eens 8-29 
+5V Powered RS-232 Transmitter/Receiver .......... 2.0 cece cece eee cece nee e eens 8-29 
+5V Powered RS-232 Transmitter/Receiver ............c cece cece eee e cece eee eees 8-29 
+5V Powered RS-232 Transmitter/Receiver .......... 0c cece cece recente nee ee acnes 8-29 
+5V Powered RS-232 Transmitter/Receiver ............ cece cece cece eee e cree eee ees 8-29 
+5V Powered, Dual RS-232 Transmitter/Receiver ........... ec ee ee ee tee 8-49 
31/5 Digit, LCD/LED Display, A/D Converter. ........ 00.0 c cece cece cence eee eens 3-27 
3p Digi, LODILED Display, A/D COMnGHOl occas ccce eased ne Oe OND e ENE OS WER eRe 3-27 
31/5 Digit, LCD/LED Display, A/D Converter..........0. 000 cece e cence eee e een ees 3-27 
31), Digit, LOD/LED Display, A/D Converter... ..... ccc seecacecacaessaeccevseuneens 3-27 
12-Bit, Microprocessor-Compatible A/D Converter .......... cee eee eee eee 5-4 
8"), Digit, LCD/LED Display, A/D Converter with Display Hold ........... 00.0.0 00 0 eee uue 3-29 
3"o Digit, LCD/LED Display, A/D Converter with Display Hold ............. 2.0... e ee euee 3-29 
31/5 Digit, Low Power, Single-Chip A/D Converter ..........00 0. ccc e eee cence eee en aes 3-30 
41/5 Digit LCD, Single-Chip A/D Converter. .......... 000 c cece cece cence ence ences 3-31 
47), Digit, BOD Outpul, AO Converter . 2.00 sccnscnewavdece rund ona waned ours swenes 5-5 
3", Digit LCD/LED, Low Power Display, A/D Converter with Overrange Recovery ........... 3-32 
3", Digit LCD/LED, Low Power Display, A/D Converter with Overrange Recovery ........... 3-32 
39/, Digit, Autoranging Multimeter ........0. 0.000. e eee e eens 3-33 
39/, Digit, Autoranging Multimeter ........ 2.0... cece cece ene e ete e nee ees 3-33 
14-Bit/16-Bit Microprocessor-Compatible, 2 Chip A/D Converter .......... 0.00. cece eee eee 5-6 
Precision 4'/> Digit, A/D Converter .........c0eccceee cece cnnseenueneeeestecuneeens 3-34 
14-Bit/16-Bit Microprocessor-Compatible, 2 Chip A/D Converter... ....... 0. cece eee eee eee 5-6 
Precision 4'/5 Digit, AD Converter 2.00... 0. ccc cece cence ene nee e ene e ene e en eees 3-34 
LIU VENEOS FIGIGIGNOS co.cc 506e5 Sod se ne nd eee hood oon dhe w Ss 608 6S EEEE KOGA ROR 12-4 
Microprocessor-Compatible, Real-Time Clock ............ 0. cece eee eens 12-5 
ea La? Cay ONE 6 cc eo wee dx oa88 whee 4 Heed es eae nee Ht Ene EERE Reet anaes 9-6 
ATG, LED OMG DMWG! asc cn see sean nkeee eee ed ESCH SHES SNS Se Sew KeOMeeRew aad 9-6 
One Second/One Minute Timebase Generator .......... 0. cece eee ee tenes 9-9 
8-Digit, Multi-Function, Frequency Counter/Timer ... 2... cccs cess cveweweue eee neeenaes 9-10 
8-Digit, Multi-Function, Frequency Counter/Timer ............ 2. cece ee eee eee eens 9-10 
8-Digit, Multi-Function, Frequency Counter/Timer ............ cece eee eee eee eee eens 9-10 
4-Digit LED Display, Programmable Up/Down Counter ............. 0.0 cee eee eee eee 9-12 
4°), Diet LOD Display Cournteh i ccccdcecweeesaweeseunsaccvcaneacnndsnendewon tens 9-14 
8-Digit, Multi-Function, Frequency Counter/Timer .......... 0... cece ee ee eee ee eee eee 9-15 
8-Digit, Multi-Function, Frequency Counter/Timer ......... 0... cece eee ee eens 9-15 
8-Digit, Microprocessor-Compatible, LED Display Decoder Driver .................00 000s 9-17 
Numeric/Alphanumeric Triplexed LCD Display Driver ......... 0.0... cee cece ee eee ee 9-19 
Numeric/Alphanumeric Triplexed LCD Display Driver .......... 0... cece eee eee eens 9-19 
8-Character, Microprocessor-Compatible, LED Display Decoder Driver ................... 9-21 
5'/ Digit LCD, Micro-Power Event/Hour Meter ............ 000 cece cece cece eee e ees 9-23 
Dual SPOT CMOS Anelog SWIC cscccwckisccee tas eucntiddanctens aeeaxdnentnneonve 13-112 
Cae CRS AGO OWNED car dn nek ewineeescnen eer ies OOK oC RdD ee KOE Cee eee ESS 13-113 
lag CMOS ANGIOG SWIGN 2226 ccces ened enek as eee SENS Peed tO Rene Edw Poe ew Ee ED ene 13-113 
Dudl SPOT, GMOS ANSOG SWIN vice n dec cdcdecere cote we sc tace waren anew awnestees 13-114 
Dual SPST, CMOS FF/Video SWIHGH ..cccccesce vende cece eene Keres eens eed eee e ean 13-115 
Glad SPsl, CMOS RF/VidGO SWICN .sccscacde vee ee bees near dened neu ee ew ewe e neon 13-115 


NOTE: Bold type designates a new product from Harris. 
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Product Index by Family 


A/D CONVERTERS - DISPLAY 


CA3162, CA3162A 
HI7131, HI7133 


ICL7106, ICL7107 
ICL7106S, ICL7107S 


ICL7116, ICL7117 
ICL7126 
ICL7129 
ICL7136, ICL7137 
ICL7139, ICL7149 


ICL8052/ICL71C03, 
ICL8068/ICL71C03 


A/D CONVERTERS - HIGH SPEED 


CA3304, CA3304A 


CA3306, CA3306A, 
CA3306C 


CA3318 
HI1166 
HI1172 
HI1175 
HI1176 
HI1179 
HI1276 
H11386 
HI1396 
HI1826 
HI1866 
HI2300 
HI2301 
HI2302 
HI2303 
HI3026 
HI3026A 
HI3086 
HI3304 
HI3306 
HI3318 
HI5662 
HI-5701 
HI5702 
HI5703 
HI5710A 
HI5714 
HI5746 


PAGE 
AID Convertors for S-Digt Disnlay ~ ..46 60sec vee i ee cas eebe seed wneud ads wwcencernvns 3-5 
3'/5 Digit, Low Power, High CMRR, LCD/LED Display-Type A/D Converters .............. 3-6 
31/5 Digit, LCD/LED Display, A/D Converters.......... 00... cece cece eee eeeeeeeeeees 3-27 
3's, Digit, LCD/LED Display, A/D Converter with Display Hold ................2000 0c eee 3-29 
31/5 Digit, Low Power, Single-Chip A/D Converter...............0c cece ee ee badaean das 3-30 
4'/5 Digit LCD, Single-Chip A/D Converter... ......... 00.00 cece cece eee eee e eens 3-31 
3 "Io Digit LCD/LED, Low Power Display, A/D Converters with Overrange Recovery............... 3-32 
33/, Digit, Autoranging Multimeter ..........0..0.00 000 cece cece cece ee eeeeeeeeeeees 3-33 
Precision 41/5 Digit, A/D Converter... ...... 00. c cece ccc eee e cece eee eeeeeeeeees 3-34 
4-Bit, 25 MSPS, Flash A/D Converters........ 0... ccc eee eee ee eee eee naes 4-7 
G-Bil, 15 MSPS, Flash A/D Converels. cs ccicscccacctesueness bad eeeed enone tebe neta 4-8 
CMOS Video Speed, 8-Bit, Flash A/D Converter .......... 0... ccc cee eee eee eee 4-9 
8-Bit, 250 MSPS, Flash A/D Converter... 0.0... 0.0... cece eee e eee eee enes 4-10 
6-Bit, 20 MSPS, Video A/D Converter (CMOS) ............ cc cece eect eee eees 4-21 
6-Bil, 20 MSPs, Fiasi A/D GONVONGl : iis dsicc ccc ds ceeas Rede Hb eK EEE ee eee SHOE RS EES 4-28 
6-Bit, 20 MSPS, Flash A/D) Convener. .cu cee ce ces dee ew knee eneaedeenesed vaupeneee 4-40 
B-Bt, 35 MSPs, Video A/D CONVGIG!. «226 ccc sense teed ere ee eens dweed need See bees 4-51 
8-Bit, 500 MSPS, Flash A/D Converter......... 0.0.0... eee ee eee eee eee eee eens 4-65 
3-Bil, 75: MSPS, Flash A/D CONVENE... nc cena senccevaeeaperdnesnnusevendeuss ones 4-75 
8-Bit, 125 MSPS, Flash A/D Converter... ......0 0.0... cc cc ee ee eee eee eee eee 4-83 
6-Bit, 140 MSPS, Flash A/D Converter .0..c.cccscuseanecsansvneeesvouseeusiwavaar 4-92 
6-Bit, 140 MSPS, Flash A/D Converter .......... ccc cece eee eee eee eee enneees 4-100 
8-Bit, 18 MSPS, Video A/D Converter with 3.3V Power Supply Operation.............. 4-113 
8-Bit, 30 MSPS, Video A/D Converter with Amplifier/Clamp..............00eeeeeeeee 4-121 
8-Bit, 50 MSPS, Video A/D Converter with Clamp Function .............000eeeeeeees 4-132 
Triple 8-Bit, 50 MSPS, Video A/D Converter With Clamp Function ................... 4-148 
8-Bit, 120 MSPS, Flash A/D Converter wi ccccicenccsawecssccaesvusenssuseseuewaun 4-165 
8-Bit, 140 MSPS, Flash A/D Converter ......... cc cece ee eee ee ence eee eee eee eees 4-181 
6-Bit, 140 MSPS, Flash A/D Converter .......... ccc eee ee eee eet eee teen eeaee 4-197 
4-Bit, 25 MSPS, Flash A/D Converter .......ccccccnccccncnccncnvccsscccsssecnces 4-215 
6-Bit, 15 MSPS, Flash A/D Converter .......... 0c ccc eee ce ence eee ence eee eneeees 4-226 
B-Bit, 15 MSPS, Flash A/D Converter 0 cs scccncccncecenestneaineseuszaunaeunnams 4-241 
Dual 8-Bit, 60 MSPS, A/D Converter with Internal Voltage Reference................. 4-253 
Si, 50 MSPs, Flash A/D CONVENE! «acces ccecsent coursed iene eneeecnna beeen ews 4-254 
1, Su) Or oS et CONVO cca kc cane br 8 UE Ow ee ORE OE OEE OTHER Bese Oe 4-266 
1O-Bi, 40 MSPS Al CONVO! 6 i. 4c bcos eae C44 e5 Roe O ERODE EKETD SEDER EORe ER EO 4-279 
1B ZO More A CONVENE «64.00 cs ene Sis dbo K ends KOS ERE COED R OER ERE Eee Ow 4-292 
8-Bit, 40/60/75 MSPS A/D Converter... ..2cencccivensveseantesoensacurveuacevavves 4-311 
10-Bit, 40 MSPS AID CONVGME! cc cccadecneanea oo ee wd eaee ee ESE ROR ORK Ee eee eee ee 4-323 


NOTE: Bold type designates a new product from Harris. 
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INFORMATION 


HI5762 
HI5766 
HI5767 
HI5800 
HI5804 
HI5805 
HI5808 
HI5905 


Product Index by Family (continuea) 


Dual 10-Bit, 40/60 MSPS A/D Converter with Internal Voltage Reference.............. 
10-Bit, GO MSPS A/D Converter ic cicaneccae cece seer ee ctse ee ee ease eeerevetceanea 
10-Bit, 20/40/60 MSPS A/D Converter with Internal Voltage Reference................ 
12-Bit, 3 MSPS, Sampling A/D COnvGNGr, xc. ccstsavcadedsaeneov evi w ewe wav eee swe 
12, Oo her So AID CONVGTIO! cxckcctsccddoncnsone ewe ett kaw se 4 REN EON ERO ew 
12-BH, 5 MSPS All Convener voc cc tvecs sees av eee en wer seis see a ean eee Det es wees 
12-Bit, 10 MSPS AID CONVOMET csc ce te ewe ee ORR eK Oke eee meek ee teow enews 
14-5, 6 MSPs AD CONV sc caacncccewkedsecawe ne ieee yas Sees eee nn eee ees 


A/D CONVERTERS - INTEGRATING 


HI-7159A Microprocessor-Compatible, 5'/, DIG A/D COPVGROE cose kcdeevewsexks enwwd vanennde as 
ICL7109 12-Bit, Microprocessor-Compatible A/D Converter... .... 0... 0... cece eee eee eee 
ICL7135 41/5 Digit, BCD Output, A/D Converter... 0... 0.0... c ccc ccc eee e eee n nee eens 
ICL8052/ICL7104, 14-Bit/16-Bit, Microprocessor-Compatible, 2-Chip, A/D Converter.................0000ee 
ICL8068/ICL7104 

A/D CONVERTERS - SAR 


ADC0802, ADC0803 
ADC0804 


CA3310, CA3310A 


HI-574A, HI-674A, 
HI-774 


HI5810 
HI5812 
HI5813 


8-Bit, Microprocessor-Compatible, A/D Converters ............ cee ee eee eens 


CMOS, 10-Bit, A/D Converters with Internal Track and Hold. ........... 0. cece eee eee eee 
Complete, 12-Bit A/D Converters with Microprocessor Interface ................0000 00s 


CMOS 10 Microsecond, 12-Bit, Sampling A/D Converter with Internal Track and Hold....... 
CMOS 20 Microsecond, 12-Bit, Sampling A/D Converter with Internal Track and Hold....... 
CMOS 3.3V, 25 Microsecond, 12-Bit, Sampling A/D Converter with Internal Track and Hold. . 


A/D CONVERTERS - SIGMA DELTA 


HI7188 
HI7190 
HI7191 


8-Channel, 16-Bit, High Precision, Sigma-Delta A/D Sub-System ...............0005. 
24-Bit, High Precision, Sigma Delta A/D Converter. ......... 0. ccc eee eee eens 
Low Cost, 24-Bit, High Precision, Sigma Delta A/D Converter..............000ee00es 


COMMUNICATION INTERFACE 


HIN200 thru HIN213 


HIN202E thru 
HIN213E 


HIN230 thru HIN241 
HIN232A 
ICL232 


+5V Powered RS-232 Transmitters/Receivers with 0.1Microfarad External Capacitors .. 
+/-15kV, ESD-Protected, +5V Powered, RS-232 Transmitters/Receivers............... 


+5V Powered RS-232 Transmitters/Receivers .......... 0000 cece cece eee eeeuceees 
High Speed, +5V, RS-232 Transmitter/Receiver with 0.1Microfarad External Capacitor . . 
+5V Powered, Dual RS-232 Transmitter/Receiver............ 0... cee eee eee ee teen ees 


COUNTERS WITH DISPLAY DRIVERS/TIMEBASE GENERATORS 


CA3161 
ICM7211, ICM7212 
ICM7213 


ICM7216A, 
ICM7216B, 
ICM7216D 


ICM7217 


BCD to Seven Segment Decoder/Driver.............. 2. cece cece cc ec eee e eee ees 
4-Digit, |CM7211 (LCD) and ICM7212 (LED) Display Drivers ..................... 0005. 
One Second/One Minute Timebase Generator............ 0.0... eee eee eee eee eee eee 


4-Digit LED Display, Programmable Up/Down Counter ............... 00: ee eee ee eee 


NOTE: Bold type designates a new product from Harris. 
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4-339 
4-340 
4-354 
4-365 
4-379 
4-389 
4-400 
4-411 


5-3 
5-4 
5-5 
5-6 


Product Index by Family (continued) 


PAGE 
ICM7224 4'/> Digit LOD Display Counter, ......0..0000cceeceeeeeeneeuseacanacvvnesuvescnes 9-14 
ICM7226A, 8-Digit, Multi-Function, Frequency Counter/Timer .......... 0.0... e eee eee eee 9-15 
ICM7226B 
ICM7228 8-Digit, Microprocessor-Compatible, LED Display Decoder Driver....................05. 9-17 
ICM7231, ICM7232 Numeric/Alphanumeric Triplexed LCD Display Drivers.............. 0.0.00 ewww eee 9-19 
ICM7243 8-Character, Microprocessor-Compatible, LED Display Decoder Driver .................. 9-21 
ICM7249 5'/5 Digit LCD, Micro-Power Event/Hour Meter .............0000 cece eee e cece eeeeeeee 9-23 
D/A CONVERTERS 
AD7520, AD7530 10-Bit, 12-Bit, Multiplying D/A Converters... 0.0.2... 0... 0 cee eee eee ees 10-7 
AD7521, AD7531 
AD7523, AD7533 BB, MUIVING DA GONVGIONS sscicccnacaega coer a Vase a neee RSC ee eT DADRA e ERR HOE 10-8 
AD7541 tea, MUNIp ing DIA COMVGIG! ccxc0cce ss ceearese ences Pee RD HE EEE PORK OE EOD 10-9 
AD7545 12-Bi, Buttered, Multipivind CMOS DAG ... ccaccccecivecsasewd sous ecard eaweuneawens 10-10 
CA3338, CA3338A CMOS Video Speed 8-Bit, R2R D/A Converters. ........... ccc eee eee 10-11 = 
HI-565A High Speed, Monolithic D/A Converter with Reference ............... 0.00 c cece eee 10-12 2 = 
HI-DAC80V, 12-Bit, Low Cost, Monolithic D/A Converters .......... 0... cece eee eee eee teens 10-13 [om § 
HI-DAC85V ve 
HI1106 8-Bit, 35 MSPS, High-Speed D/A Converter (TTL Input) ............ 0c cece eee eens 10-14 rc} o 
HI1171 8-Bit, 40 MSPS, High Speed D/A Converter.........0..-ccccceeccuceseucceeeeenees 10-26 = 
HI1177 8-Bit, 40 MSPS, 2-Channel D/A Converter ......... 0.2 ccc cece eee eect eee e en eeees 10-33 
HI1178 Triple 8-Bit, 40 MSPS, RGB, 3-Channel D/A Converter ..............cc cece eee eeeeee 10-41 
HI1260 Triple 8-Bit, 35 MSPS, RGB, 3-Channel D/A Converter ............. cece eee n eee eenee 10-51 
HI20201 10-Bit, 160 MSPS, Ultra-High-Speed D/A Converter ........... 2... cee ee ee ees 10-64 
HI20203 8-Bit, 160 MSPS, Ultra High-Speed D/A Converter. .............. 2c cece eee ee eee eee 10-74 
HI20206 Triple 8-Bit, 35 MSPS, RGB, 3-Channel D/A Converter. ............ 00. cc cece eee eee 10-84 
HI2304 Triple 8-Bit, 20 MSPS, RGB, 3-Channel D/A Converter ..............0c eee cece eeee 10-97 
H1I2307 Triple 10-Bit, 50 MSPS, RGB, 3-Channel D/A Converter ..............0 cece eee eeneee 10-108 
HI2309 10-Bit, 50 MSPS, 3-Channel D/A Converter .......... cc ccc eee cence eee e eee neeee 10-118 
HI2315 10-Bit, 80 MSPS D/A Converter (Ultra-Low Glitch Version) .............00eeeeeeeees 10-126 
HI3050 10-Bit, 50 MSPS, High Speed 3-Channel D/A Converter .............0. cee eee ee eee 10-135 
HI3197 10-Bit, 125 MSPS D/A Converter .......... ccc eee eee ence eens 10-146 
HI3338 §-Bit, CMOS R2A DIA CONVOME! ccc ccc tice acc cei sedese cies eet RECT OER DRE S® 10-160 
HI5721 10-Bit, 125 MSPS, High Speed D/A Converter... .......0nneecnncnweenenaeeacennnans 10-168 
HI5728 10-Bit, 125 MSPS, Dual High Speed D/A Converter........... 222 c eee e cece eee eens 10-182 
HI5731 12-Bit, 100 MSPS, High Speed D/A Converter ........... 00 cece cect eee eee eee 10-183 
HI5735 12-Bit, 80 MSPS, High Speed Video D/A Converter... .. 2... 0. cece cece eee eee eee 10-198 
HI5741 14-Bit, 100 MSPS, High Speed D/A Converter .......... 0c cece eee eee erences 10-208 
HI5760 10-Bit, 125 MSPS, High Speed D/A Converter ......... 2... cece cette eee eee eee 10-220 
HI5780 10-Bit, 80 MSPS, High Speed, Low Power D/A Converter............ 00: eee eee eee eee 10-227 
MULTIPLEXERS 
DG406, DG407 Single 16-Channel/Differential 8-Channel, CMOS Analog Multiplexers................ 11-13 
DG408, DG409 Single 8-Channel/Differential 4-Channel, CMOS Analog Multiplexers .................... 11-25 
DG506A, DG507A, CMOS ANBIOG MUNIDIGNOIS . ccs cece ce shee ene ee ewe OR CEE SE eR OT HORE OTE dR eS 11-39 


DG508A, DG509A 


NOTE: Bold type designates a new product from Harris. 
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HI-1818A, HI-1828A 


HI-506, HI-507, 
HI-508, HI-509 


HI-506A, HI-507A 
HI-508A, HI-509A 


HI-516 
HI-518 
H1-524 
HI-539 


HI-546, HI-547, 
HI-548, HI-549 


Product Index by Family (continued) 


Low Resistance, Single 8-Channel, and Differential 4-Channel, CMOS Analog Multiplexers . . 
Single 16 and 8/Differential 8-Channel and 4-Channel CMOS Analog Multiplexers.......... 


16-Channel, 8-Channel, Differential 8-Channel and Differential 4-Channel, 
CMOS Analog MUXs with Active Overvoltage Protection.............. 2.0: cece ee eee eee 


16-Channel/Differential 8-Channel, CMOS High Speed Analog Multiplexer................ 
8-Channel/Differential 4-Channel, CMOS High Speed Analog Multiplexer................. 
4-Channel Wideband and Video Multiplexer.......... 0... 0.0 cece eee eee eee eens 
Monolithic, 4-Channel, Low-Level, Differential Multiplexer.......... 0... 0.2.00. cee ee eae 


Single 16 and 8, Differential 8-Channel and 4-Channel CMOS Analog MUXs with 
Artive OVOIvVOlage PIOtmChONs. cca ceed cide ce eeee Sees seen wee eee deed eacwdnwes 


SPECIAL PURPOSE 
AD590 2-Wire, Current Output Temperature Transducer............ 0.0. 
ICL8069 LOW VaGGe MOISIGCe. cave cr cbae istered Hedp kar geoued Faded aeen buen eanoneneuee 
ICM7170 Microprocessor-Compatible, Real-Time Clock ......... 0... cc eee eee eee eee ee eeee 
SWITCHES 


DG200, DG201 
DG201A, DG202 
DG211, DG212 


DG300A, DG301A, 
DG302A, DG303A 


DG308A, DG309 


DG401, DG403, 
DG405 


DG411, DG412, 
DG413 


DG441, DG442 
DG444, DG445 
HI-200, HI-201 
HI-201HS 

HI-222 

HI-300 thru HI-307 
HI-381 thru HI-390 


HI-5040 thru HI-5051, 
HI-5046A and 
HI-5047A 


IH5043 
IH5052, IH5053 
IH5151 
IH5341, IH5352 


CMOS Dual/Quad SPST Analog SWIIChOS....ccauccca nie veneseensae wees veda eee an 
Quad SPot, CMOS ANGIOG SWICHES. «ccavavcincnasuaeeu nen aoa eeeonee rn eaeeneeans 
SPST 4-Channel Analog Switches .......... 0... cece eee teen eee eee 
TTL-Compatible, CMOS Analog Switches ............ 0... ccc cece eee eee eee 


Quad Monolithic SPST, CMOS Analog Switches..................0 cece ee eee eee 
Monolinie CMOS Analog SWHGCHES.......cnsccaes vena snceus cides seeaeaeeen cen wheneuaws 


Monolithic Quad SPST, CMOS Analog Switches ........... 0... ccc eee eee eens 


Monolithic, Quad SPST, CMOS Analog Switches ......... 0... 0. cece eee eee ees 
Monolithic, Quad SPST, CMOS Analog Switches .......... 0.0... cece eee eee eens 
Dual/Quad SPST, CMOS Analog Switches ... 0... ccc ccc ccc cece cee ene ecaseannee 
High Speed, Quad SPST, CMOS Analog Switch............ 0. ccc eee ences 
Pan) POGUBNO VICES SWONs 66 05d wre ew cewek eed eeee new eed edd ene dened enw aviedawnn 
CMS AGO DWHENOS ics shew eed awe ea ORES RKO ROO ew Ow ee es 
Cees IG nt eke UR OER TRE ROTA RAE CANDOR SS eReee nee caw 
Cie PH OVID cack vas cod eps ee oee ed anweseen teak aenedas Bed enetEeewer 


Dual SPDT CMOS Analog Switch. 2. 2.2.00. cakene neces ena ees eaaeassasessusaannes 
Guage GMOs ANAIOd SWUCNGS...accntene cee eeva deeds ee ON SDERD OREO MONE ROSE aS 
Dus SPO1, GMOS Angled SWHON 0. cvswscdegcecedas eae nt edsiananeed vtecbansavews 
Dual SPST, Quad SPST, CMOS RF/Video Switches. .......... 0... 0. cee eee eee eee 


NOTE: Bold type designates a new product from Harris. 
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Linear Product Offerings 


COMPARATORS 
CA139, CA139A, Quad Voltage Comparators for Industrial, Commercial and Military Applications 
CA239, CA239A, 
CA339, CA339A, 
LM339, LM339A, 
LM2901, LM3302 


CA3290 BiMOS Dual Voltage Comparator with MOSFET Input, Bipolar Output 
HA-4900, HA-4902, Precision Quad Comparators 
HA-4905 


OPERATIONAL AMPLIFIERS 


CA124, CA224, Quad, 1MHz, Operational Amplifiers for Commercial, Industrial, and Military Applications 
CA324, LM324, 
LM2902 


CA158, CA158A, Dual, 1MHz, Operational Amplifiers for Commercial, Industrial, and Military Applications 
CA258, CA258A, 

CA358, CA358A, 

CA2904, LM358, 

LM2904 


CA741, CA741C, Single and Dual, High Gain Operational Amplifiers for Military, Industrial and Commercial Applications 
CA1458, CA1558, 

LM741, LM741C, 

LM1458 


CA3078, CA3078A 2kHz, Micropower Operational Amplifier 

CA3080, CA3080A 2MHz, Operational Transconductance Amplifier (OTA) 

CA3100 38MHz Operational Amplifier 

CA3130, CA3130A  15MHz BiMOS Operational Amplifier with MOSFET Input/CMOS Output 
CA3140, CA3140A  4.5MHz BiMOS Operational Amplifier with MOSFET Input/Bipolar Output 
CA3160, CA3160A 4MHz BiMOS Operational Amplifiers with MOSFET Input/CMOS Output 
CA3240, CA3240A Dual, 4.5MHz, BiMOS Operational Amplifier with MOSFET Input/Bipolar Output 
CA3260, CA3260A 4MHz, BiIMOS Operational Amplifier with MOSFET Input/CMOS Output 
CA3280, CA3280A Dual, 9MHz, Operational Transconductance Amplifier (OTA) 

CA5260, CA5260A 3MHz, BIMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS Output 
CA5420, CA5420A 0.5MHz, Low Supply Voltage, Low Input Current BiMOS Operational Amplifiers 


GENERAL 
INFORMATION 


CA5470 Quad, 14MHz, Microprocessor BiIMOS-E Operational Amplifier with MOSFET Input/Bipolar Output 
HA-2400, HA-2404, 40MHz, PRAM Four Channel Programmable Amplifiers 

HA-2405 

HA-2406 30MHz, Digitally Selectable Four Channel Operational Amplifier 

HA-2444 50MHz, Selectable, Four Channel Video Operational Amplifier 

HA-2500, HA-2502, 12MHz, High Input Impedance, Operational Amplifiers 

HA-2505 

HA-2510, HA-2512, 12MHz, High Input Impedance, Operational Amplifiers 

HA-2515 


HA-2520, HA-2522, 20MHz, High Slew Rate, Uncompensated, High Input Impedance, Operational Amplifiers 
HA-2525 


HA-2539 600MHz, Very High Slew Rate Operational Amplifier 
HA-2540 400M#z, Fast Settling Operational Amplifier 


NOTE: Bold type designates a new product from Harris. 


HA-2541 
HA-2542 
HA-2544 


HA-2600, HA-2602, 
HA-2605 


HA-2620, HA-2622, 
HA-2625 


HA-2640, HA-2645 
HA-2839 

HA-2840 

HA-2841 

HA-2842 

HA-2850 

HA-4741 

HA-5002 

HA5013 

HA-5020 

HA5022 

HA5023 

HA5024 

HA5025 

HA-5033 
HA-5101, HA-5111 


HA-5102, HA-5104, 
HA-5112, HA-5114 


HA-5127, HA-5127A 
HA-5130, HA-5135 
HA-5134 

HA-5137, HA-5137A 
HA-5142, HA-5144 
HA-5147, HA-5147A 
HA-5160, HA-5162 
HA-5170 

HA-5190, HA-5195 
HA-5221, HA-5222 
HFA1100, HFA1120 
HFA1102 

HFA1103 

HFA1105 

HFA1106 

HFA1109, HFA1149 
HFA1110 

HFA1112 


Linear Product Offerings (continuea) 


40MHz, Fast Settling, Unity Gain Stable, Operational Amplifier 
7OMHz, High Slew Rate, High Output Current Operational Amplifier 
50MHz, Video Operational Amplifier 

12MHz, High Input Impedance Operational Amplifiers 


100MHz, High Input Impedance, Very Wideband, Uncompensated Operational Amplifiers 


4Mkz, High Supply Voltage Operational Amplifiers 

600MHz, Very High Slew Rate Operational Amplifier 

600MHz, Very High Slew Rate Operational Amplifier 

50MHz, Fast Settling, Unity Gain Stable, Video Operational Amplifier 
80MHz, High Slew Rate, High Output Current, Video Operational Amplifier 
470MHz, Low Power, High Slew Rate Operational Amplifier 

Quad, 3.5MHz, Operational Amplifier 

110MHz, High Slew Rate, High Output Current Buffer 

Triple, 125MHz Video Amplifier 

100MHz Current Feedback Video Amplifier With Disable 

Dual, 125MHz, Video Current Feedback Amplifier with Disable 
Dual 125MHz Video Current Feedback Amplifier 

Quad 125MHz Video Current Feedback Amplifier with Disable 
Quad, 125MHz Video Current Feedback Amplifier 

250MHz Video Buffer 

10MHz and 100MHz, Low Noise, Operational Amplifiers 

Dual and Quad, 8MHz and 60MHz, Low Noise Operational Amplifiers 


8.5MHz, Ultra-Low Noise Precision Operational Amplifier 

2.5MHz, Precision Operational Amplifiers 

4MHz, Precision, Quad Operational Amplifier 

63MHz, Ultra-Low Noise Precision Operational Amplifier 

Dual/Quad, 400kHz, Ultra-Low Power Operational Amplifiers 

120MHz, Ultra-Low Noise Precision Operational Amplifiers 

100MHz, JFET Input, High Slew Rate, Uncompensated, Operational Amplifiers 
8MHz, Precision, JFET Input Operational Amplifier 

150MHz, Fast Settling Operational Amplifiers 

100MHz, Single and Dual Low Noise, Precision Operational Amplifiers 
850MHz, Low Distortion Current Feedback Operational Amplifiers 
600MHz Current Feedback Amplifier with Compensation Pin 

200MHz, Video Op Amp with High Speed Sync Stripper 

330MHz, Low Power, Current Feedback Video Operational Amplifier 
315MHz, Low Power, Video Operational Amplifier with Compensation Pin 
550MHz, Low Power, Current Feedback Operational Amplifiers 

750MHz, Low Distortion Unity Gain, Closed Loop Buffer 

850MHz, Low Distortion Programmable Gain Buffer Amplifier 


NOTE: Bold type designates a new product from Harris. 
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Linear Product Offerings (continuea) 


HFA1113 850MHz, Low Distortion, Output Limiting, Programmable Gain, Buffer Amplifier 
HFA1114 850MHz Video Cable Driving Buffer 
HFA1115 225MHz, Low Power, Output Limiting, Closed Loop Buffer Amplifier 


HFA1118, HFA1119 


500MHz Programmable Gain Video Buffers with Output Limiting and Output Disable 


HFA1130 850MHz, Output Limiting, Low Distortion Current Feedback Operational Amplifie 

HFA1135 360MHz, Low Power, Video Operational Amplifier with Output Limiting 

HFA1145 330MHz, Low Power, Current Feedback Video Operational Amplifier with Output Disable 
HFA1205 Dual, 400MHz, Low Power, Video Operational Amplifie 

HFA1212 Dual 350MHz, Low Power Closed Loop Buffer Amplifier 

HFA1245 Dual, 530MHz, Low Power, Video Operational Amplifier with Disable 

HFA1405 Quad, 560MHz, Low Power, Video Operational Amplifier 

HFA1412 Quad, 350MHz, Low Power, Programmable Gain Buffer Amplifie 


ICL7611, ICL7612 
ICL7621, ICL7641, 


ICL7642 
ICL7650S 


SAMPLE AND HOLD AMPLIFIERS 
HA-2420, HA-2425 


1.4MHz, Low Power CMOS Operational Amplifiers 
Dual/Quad, Low Power CMOS Operational Amplifiers 


2MHz, Super Chopper-Stabilized Operational Amplifier 


GENERAL 
INFORMATION 


3.2us Sample and Hold Amplifiers 


HA-5320 1us Precision Sample and Hold Amplifier 
HA-5330 650ns Precision Sample and Hold Amplifier 
HA-5340 700ns, Low Distortion, Precision Sample and Hold Amplifier 
HA5351 64ns Sample and Hold Amplifier 
SPECIAL ANALOG CIRCUITS 


CA555, CA555C, Timers for Timing Delays and Oscillator Application in Commercial, Industrial and Military Equipment 
LM555, LM555C 


CA3256 25MHz, BiMOS Analog Video Switch and Amplifier 

HA-2546 30MHz, Voltage Output, Two Quadrant Analog Multiplier 

HA-2556 57MHz, Wideband, Four Quadrant, Voltage Output Analog Multiplier 
HA-2557 130MHz, Four Quadrant, Current Output Analog Multiplier 


HA7210, HA7211 


10kHz to 10MHz, Low Power Crystal Oscillator 


HFA5251 800MHz Monolithic Pin Driver 

HFA5253 800MHz, Ultra High-Speed Monolithic Pin Driver 

ICL8013 1MHz, Four Quadrant Analog Multiplier 

ICL8038 Precision Waveform Generator/Voltage Controlled Oscillator 
ICM7242 Long Range Fixed Timer 

ICM7555, General Purpose Timers 

ICM7556 


TRANSISTOR AND DIODE ARRAY, AND DIFFERENTIAL AMPLIFIER DATA SHEETS 


CA3028A, Differential/Cascode Amplifiers for Commercial and Industrial Equipment 
CA3028B, from DC to 120MHz 
CA3053 


NOTE: Bold type designates a new product from Harris. 
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CA3039 
CA3045, CA3046 
CA3049, CA3102 
CA3054 
CA3081, CA3082 
CA3083 
CA3086 


CA3096, CA3096A, 
CA3096C 


CA3127 


CA3146, CA3146A, 
CA3183, CA3183A 


CA3227, CA3246 


HFA3046, HFA3096, 
HFA3127, HFA3128 


HFA3101 
HFA3102 


Linear Product Offerings (continuea) 


Diode Array 

General Purpose NPN Transistor Arrays 

Dual High Frequency Differential Amplifiers For Low Power Applications Up to 500MHz 
Dual Independent Differential Amp for Low Power Applications from DC to 120MHz 
General Purpose High Current NPN Transistor Arrays 

General Purpose High Current NPN Transistor Array 

General Purpose NPN Transistor Array 

NPN/PNP Transistor Arrays 


High Frequency NPN Transistor Array 
High-Voltage Transistor Arrays 


High-Frequency NPN Transistor Arrays For Low-Power Applications at Frequencies Up to 1.5GHz 
Ultra High Frequency Transistor Arrays 


Gilbert Cell UHF Transistor Array 
Dual Long-Tailed Pair Transistor Array 


VIDEO CROSSPOINT SWITCHES 


HA4201 480MHz, 1 x 1 Video Crosspoint Switch with Tally Output 

HA4244 480MHz, 1 x 1 Video Crosspoint Switch with Synchronous Enable 

HA4314B 400MHz, 4 x 1 Video Crosspoint Switch 

HA4344B 350MHz, 4 x 1 Video Crosspoint Switch with Synchronous Controls 

HA4404B 330MHz, 4 x 1 Video Crosspoint Switch with Tally Outputs 

HA455 130MHz, 8 x 8 Video Crosspoint Switch 

HA456 80MHz, Low Power, 8 x 8 Video Crosspoint Switch 

HA457 170MHz, AV = +2, 8 x 8 Video Crosspoint Switch 

HA4600 480MHz, Video Buffer with Output Disable 

Telecom Product Offerings 

TELECOMMUNICATIONS 

CD22100 CMOS 4 x 4 Crosspoint Switch with Control Memory High-Voltage Type (20V Rating) 

CD22101, CD22102 CMOS 4 x 4 x 2 Crosspoint Switch with Control Memory 

CD22103A CMOS HDB3 (High Density Bipolar 3) Transcoder for 2.048/8.448Mb/s Transmission Applications 

HC-5560 PCM Transcoder AMI, HDB3, B6ZS, B8ZS 


CD22202, CD22203 
CD22204 
CD22301 


CD22354A, 
CD22357A 


CD22M3493 
CD22M3494 


5V Low Power DTMF Receiver 

5V Low Power Subscriber DTMF Receiver 
Monolithic PCM Repeater 

CMOS Single-Chip, Full-Feature PCM CODEC 


12 x 8x 1 BIMOS-E Crosspoint Switch 
16 x 8x 1 BIMOS-E Crosspoint Switch 


NOTE: Bold type designates a new product from Harris. 
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Telecom Product Offerings (continue) 


CD22859 Monolithic Silicon COS/MOS Dual-Tone Multifrequency Tone Generator 
CD74HC22106, QMOS 8 x 8 x 1 Crosspoint Switch with Memory Control 
CD74HCT22106 
HC-5502B EIA/ITU PABX SLIC with 30mA Loop Feed 
HC5503 Low Cost 24 Voit SLIC for PABX/Key Systems 
HC-5504B E!IA/ITU PABX SLIC with 40mA Loop Feed 
HC-5504B1 ITU Low Cost, PABX SLIC with 40mA Loop Feed 
HC5509A1R3060 ITU CO/Loop Carrier SLIC 
HC-5509B ITU CO/Loop Carrier SLIC 
HC5513 TR909 DLC/FLC SLIC with Low Power Standby 
HC5515 ITU CO/PABX SLIC with Low Power Standby 
HC5517 3 REN Ringing SLIC for ISDN Modem/TA and WLL 
HC5517B Low Cost 3 REN Ringing SLIC for ISDN Modem/TA and WLL 
HC55171 5 REN Ringing SLIC for ISDN Modem/TA and WLL 
HC55171B Low Cost 5 REN Ringing SLIC for ISDN Modem/TA and WLL a S 
HC5519 ITU CO SLIC with Polarity Reversal and Integrated Combo ra E 
HC5520 ITU CO SLIC with Polarity Reversal v= 
HC5523 LSSGR/TR57 CO/Loop Carrier SLIC with Low Power Standby 6 © 
HC5526 ITU CO/PABX SLIC with Low Power Standby é 
HC-5524 EIA/ITU 24 Volt PABX SLIC with 25mA Loop Feed 
HC-55536, Continuously Variable Slope Delta-Demodulator (CVSD) 
HC-55564 
Digital Signal Processing Product Offerings 
DEVELOPMENT TOOLS 
DECI * MATE Harris HSP43220 Decimating Digital Filter Development Software 
HSP-EVAL DSP Evaluation Platform 
HSP45116-DB HSP46116 Daughter Board 
HSP50016-EV DDC Evaluation Platform 
HSP50110/210EVAL DSP Demodulator Evaluation Board 
Serinade Development Software for HSP43124 Serial I/O Filter 


DOWN CONVERSION AND DEMODULATION 


HSP50016 Digital Down Converter 

HSP50110 Digital Quadrature Tuner 

HSP50210 Digital Costas Loop 

HSP50214 Programmable Downconverter 

ST-114 ST-114 Harris HSP50214 Downconverter Evaluation Board (Sigtek 410-290-3918) 
HSP50306 Digital QPSK Demodulator 


UP CONVERSION AND MODULATION 
HSP50215 Digital Upconverter 
HSP50307 Burst QPSK Modulator 
HSP50307EVAL1 Burst QPSK Modulator Evaluation Board 


NOTE: Bold type designates a new product from Harris. 
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Digital Signal Processing Product Offerings (continued) 


MULTIPLIERS 
HMA510 16 x 16-Bit CMOS Parallel Multiplier Accumulator 
HMA510/883 16 x 16-Bit CMOS Parallel Multiplier Accumulator 
HMU16/HMU17 16 x 16-Bit CMOS Parallel Multipliers 
HMU16/883 16 x 16-Bit CMOS Parallel Multiplier 
HMU17/883 16 x 16-Bit CMOS Parallel Multiplier 


ONE DIMENSIONAL FILTERS 


HSP43124 Serial I/O Filter 
HSP43168 Dual FIR Filter 
HSP43168/883 Dual FIR Filter 
HSP43216 Halfband Filter 
HSP43220 Decimating Digital Filter 
HSP43220/883 Decimating Digital Filter 
HSP43881 Digital Filter 
HSP4388 1/883 Digital Filter 
HSP43891 Digital Filter 
HSP43891/883 Digital Filter 
SIGNAL SYNTHESIZERS 
HSP45102 12-Bit Numerically Controlled Oscillator 
HSP45106 16-Bit Numerically Controled Oscillator 
HSP45106/883 16-Bit Numerically Controlled Oscillator 
HSP45116 Numerically Controlled Oscillator/Modulator 
HSP451 16/883 Numerically Controlled Oscillator/Modulator 
HSP45116A Numerically Controlled Oscillator/Modulator 
SPECIAL FUNCTION 
HSP45240 Address Sequencer 
HSP45240/883 Address Sequencer 
HSP45256 Binary Correlator 
HSP45256/833 Binary Correlator 


HSP9520, HSP9521 Multilevel Pipeline Registers 


VIDEO PROCESSING 


HSP48212 Digital Video Mixer 

HSP48410 Histogrammer/Accumulating Buffer 
HSP48410/883 Histogrammer/Accumulating Buffer 
HSP48901 3 x 3 Image Filter 

HSP48908 Two Dimensional Convolver 
HSP48908/883 Two Dimensional Convolver 
HSP9501 Programmable Data Buffer 


BLOCK DIAGRAM FOLDOUTS 


FO-006 A Digital Programmable Downconverter for AMPS, North Americal TDMA, GSM and CDMA Signal 
Applications 
FO-007 Offering Advanced DSP Parts for Today’s Communication SOlutions (Block Diagram for HSP50110, 


HSP50210, HSP50110/210EVAL) 


NOTE: Bold type designates a new product from Harris. 
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Selection Guide ..... 


A/D Converters - Display Data Sheets 


CA3162, CA3162A 
HI7131, HI7133 


ICL7106, ICL7107 
ICL7106S, ICL7107S 


1ICL7116, 1CL7117 
ICL7126 
ICL7129 
ICL7136, 1CL7137 
ICL7139, 1CL7149 


ICL8052/ICL71C03, 
ICL8068/ICL71C03 


RbuPROGaWhaw SA ESEGAWESRS 040554000 hE bn dtad Gade ehoP seed eb 24dseues peated ees 3-3 
Al) Gonverners fot S-Digit DisGAV. 5.0 csaccawiew snack neta sees eee Weer eneee eae Neen 3-5 
31/. Digit, Low Power, High CMRR, LCD/LED Display-Type A/D Converters ............... 3-6 
3", Digit, LCD/LED Display, A/D Converters .............. cece eee eee 3-27 
3" Digit, LCD/LED Display, A/D Converter with Display Hold.......................--5. 3-29 
3/5 Digit, Low Power, Single-Chip A/D Converter ........... 0.000 cece cece eee e eee ees 3-30 
4"/5 Digk LGD. Singie-Cnip Al? GONnVGNSS a ccs ces eed e iene eee ede een Ke KR eae Rw eed 3-31 
31/5 Digit LCD/LED, Low Power Display, A/D Converters with Overrange Recovery ................ 3-32 
3°/, Digit, Autoranging Multimeter... 0.00.0... 000 eee nee eens 3-33 
Precision 41/5 Digit, A/D Converter... 2.0.0.6 cc ccc ccc cee ence een teen eee enees 3-34 
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A/D CONVERTERS 
DISPLAY 
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ANALOG TO DIGITAL CONVERTERS - DISPLAY 


(NOTES 2, 3) DISPLAY | DISPLAY | CONVERSION | CONVERSION LINEARITY 
DEVICE TYPE DRIVE TYPE TIME (ms) | TECHNOLOGY COUNTS FEATURES 


3 DIGIT WITH LED DRIVERS 


CA3162A E BCD Common Integrating 10, 250 Bipolar-JI +999mV to +1 BCD to 7 Segment Converter, 2 Chip Set 
Anode -99mV Makes a Complete DPM. Analog to Digital 
(CA3161) Converter, 3 Digit Output, “EEE”: Positive 
Over-Range Indication, “-”: Negative Over- 
CA3162 BCD Common Integrating 10, 250 Bipolar-JI +999mV to a Range Display. 
Anode -99mV 
(CA3161) 


3'/. DIGIT WITH LED/LCD DRIVERS 


Auto-Zero 
Integrating 


HI7131 CM44, LCD Direct Drive 


CPL 


333 Typ CMOS-JI +0.2V £1 High Common Mode Front End 


No Over-Range Hangover 


CMOS-JI +0.2V 


Ht 
as 


a ak 


HI7133 CM44, LED Common Auto-Zero 333 Typ 


CPL Anode Integrating 


High Common Mode Front End 
No Over-Range Hangover 


ICL7106 CM44, LCD Direct Drive Auto-Zero 333 Typ CMOS-JI +0.2V 


CPL Integrating 


CMOS-JI +0.2V 


—_ 


ICL7106R CPL LCD Reversed Leads 


9 


irect Drive Auto-Zero 
Integrating 


anf 
< 
7 


LED Common Auto-Zero 333 CMOS-JI +0.2V 


CPL Anode Integrating 


ICL7107 


oO 
= 
ES 
of 
3 


CMOS-JI +0.2V + Reversed Leads 


~—_ 


ICL7107R CPL LED Common Auto-Zero 
Anode Integrating 


LCD Direct Drive Auto-Zero CMOS-JI +0.2V 1 ICL7106 with Display Hold Function 


Integrating 


1ICL7116 


_ 
< 
ne) 


CPL 


Auto-Zero 333 CMOS-JI +0.2V +1 


Integrating 


ICL7117 CPL LCD Direct Drive ICL7107 with Display Hold Function 


ond 
3S 


: 
3 


ICL7126 CPL LCD Direct Drive Auto-Zero Fe CMOS-JI +0.2V +1 Low Power Version of ICL7106 


Integrating 
CMOS-JI +0.2V 


1 Low Power Version of 1CL7106 


Reversed Leads 


Auto-Zero 333 
Integrating 


+ 


ICL7126R CPL LCD Direct Drive 


~~] 
Ss 


1 


H+ 


ICL7136 LCD Direct Drive Auto-Zero 333 Typ CMOS-JI +0.2V 


Low Power Version of ICL7106 
Integrating 


on 
rs 


1 Low Power Version of ICL7106 


Reversed Leads 


CPL LCD Direct Drive Auto-Zero 333 Typ CMOS-JI +0.2V 
Integrating 


I+ 
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ANALOG TO DIGITAL CONVERTERS - DISPLAY (Continued) 
(NOTES 2, 3) DISPLAY | DISPLAY | CONVERSION | CONVERSION LINEARITY 
DEVICE TYPE DRIVE TYPE TIME (ms) TECHNOLOGY COUNTS FEATURES 
Anode 


3°/, DIGIT WITH LCD DRIVERS 


ICL7139 CPL LCD Auto Zero CMOS-JI +0.4V +1 13 Ranges, Autoranging Multimeter, 
AC Internal 

ICL7149 CM44, LCD Auto-Zero 400 CMOS-JI +0.4V +1 18 Ranges, Autoranging Multimeter, 
CPL Integrating AC External 


4'/, DIGIT WITH LCD DRIVERS 


ICL7129 CM44, LCD Triplexed Auto-Zero 500 CMOS-4JI +0.2V +1 Typ 10nV Resolution. 1X, 10X Range 
CPL Integrating Selection 
ICL7129R CPL LCD Triplexed Auto-Zero 500 CMOS-4JI +0.2V +1 Typ 10uV Resolution. 1X, 10X Range 
Integrating Selection, PDIP 
Reversed Leads 


ANALOG TO DIGITAL CONVERTERS WITH DISPLAY OUTPUTS (2 Chip Sets) 


CONVERSION TIME (SAMPLE 
PART NUMBER OUTPUT TYPE RESOLUTION RATE) PACKAGE TYPES FEATURES 
casie2 LED, CA, BCD 10ms/250ms 16 Lead Plastic DIP 2 Chip Set Makes a Complete DPM A/D Converter, 3 Digit 
(96SPS/4SPS) Output, “EEE”: Positive Over-Range Indication, “-”: Negative 
ae 61 Over-Range Display 


NOTE: Sorted by ascending resolution (Digits) and conversion time. 


ANALOG 
INPUT 
SIGNAL 


(penunuod) apIN£) UOIJIajaS 


Gg HARRIS CA3162, CA3162A 


Complete Data Sheet available via web, Harris’ 
home page: http://www.semi.harris.com 


August 1997 


Features 


Dual Slope A/D Conversion 
Multiplexed BCD Display 
Ultra Stable Internal Band Gap Voltage Reference 


Capable of Reading 99mV Below Ground with Single 
Supply 

Differential Input 

Internal Timing - No External Clock Required 


Choice of Low Speed (4Hz) or High Speed (96Hz) 
Conversion Rate 


“Hold” Inhibits Conversion but Maintains Delay 
Overrange Indication 


- “EEE” for Reading Greater than +999mV, “-” for 
Reading More Negative than -99mV When Used 
With CA3161E 


e Extended Temperature Range Version Available 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 


CA3162E 0 to 70 16 Ld PDIP E16.3 


CA3162AE -40to85 |16Ld PDIP E16.3 


Pinout 


or via Harris AnswerFAX, see Section 17 A/D Converters for 3-Digit Display 


Description 


The CA3162E and CA3162AE are I@L monolithic A/D 
converters that provide a 3 digit multiplexed BCD output. 
They are used with the CA3161E BCD-to-Seven-Segment 
Decoder/Driver and a minimum of external parts to imple- 
ment a complete 3-digit display. The CA3162AE is identical 
to the CA3162E except for an extended operating tempera- 
ture range. 


The CA3161E is described in the Display Drivers section of 
this data book. 


CA3162 
(PDIP) 
TOP VIEW 


BCD 
OUTPUTS 


INTEGRATING 
CAP 


11] HIGH INPUT 
10] LOW INPUT 


| 9 | ZERO ADJ 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 080.2 


Copyright © Harris Corporation 1997 
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3'/5 Digit, Low Power, High CMRR, 
LCD/LED Display-Type A/D Converters 


Features 


e 120dB CMRR Equal to +0.01 Count/V of Common 
Mode Voltage Error 


e Fast Recovery from Input Overrange Results “Correct 
First-Reading” After Overload 


e Guaranteed 0000 Reading for OV Input 
¢ True Polarity at Zero for Precise Null Detection 


¢ 1pA Input Current (Typ) 


True Differential Input and Reference 

¢ Single or Dual Supply Operation Capability 
Direct LCD Display Drive - HI7131 

Direct LED Display Drive - HI7133 


e Low Noise, 15uVp.p Without Hysteresis or Overrange 
Hangover 


e Low Power Dissipation, Guaranteed Less Than imW, 
Results 8000 Hours (Typ) 9V Battery Life 


¢ No Additional Active Components Required 


Applications 
e Handheld Instruments 


e Basic Measurements: Voltage, Current, Resistance 
Pressure, Temperature, Fluid Flow and Level, pH, 
Weight, Light Intensity 


e DMMs and DPMs 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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Description 


The Harris HI7131 and HI7133 are 3'/5 digit, A/D converters 
that have been optimized for superior DC Common Mode 
Rejection (CMRR) when used with a split +5V supply or a 
single 9V battery. The HI7131 contains all the necessary 
active components on a single IC to directly interface an 
LCD (Liquid Crystal Display). The supply current is under 
100yA and is ideally suited for battery operation. The HI7133 
contains all the necessary active components on a single IC 
to directly interface an LED (Light Emitting Diode). 


The HI7131 and HI7133 feature high accuracy performance 
like, 120dB of CMRR, auto-zero to less than 10,V of offset, 
fast recovery from over load, zero drift of less than 1nV/°C, 
input bias current of 10pA maximum, and rollover error of 
less than one count. A true differential signal and reference 
inputs are useful features in all systems, but gives the 
designer an advantage when measuring load cells, strain 
gauges and other bridge-type transducers. 


The HI7131 and HI7133 are supplied in a 40 lead plastic DIP 
and a 44 lead metric plastic quad flatpack package. 


Ordering Information 


[_rantwo. [nance ®e)| _eaceace | xa.no. 
PART NO. | RANGE (°C) 

0to70 |44Ld MQFP 
reser | owe _fouaror Jews — 


File Number 


3373.2 
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Pinouts 
HI7131CPL, HI7133CPL HI7131CM44, HI7133CM44 
(PDIP) (MQFP) 
TOP VIEW TOP VIEW 
V+ osc 1 ” 
Fe] 
D1 OSC 2 =o: Zo " 
cr osc 3 wee OSINSe . 
fCereooooestke&eaaet > 
won nOooogaggooooOo 
(UNITS) < A1 REF HI 
= HGNGTGLTTALA 
E1 CreF- NCCT || 2 -—T) G2 
D2 COMMON TESTCT——]} 3 7") 63 
c2 INHI osc3C]T__]] 4 __]_JA3 
(TENS) 4 B2 INLO NCCT 5 oll On 
A2 A-Z osc2C [Tj 6 —r—) BPGND 
7 POL 
aa ee osci Ctl —— 
V+L 7 18 | | AB4 
E2 INT 
D V Dif [| fi 9 YT 6} ES 
. ies ns ce1 COT 10 7 F3 
(100s) 2 8° ERS B1Co —T-7 B3 
F3 C3 
ES A3 p(100'S) AOU 
(1000) AB4 G3 JUUUUUUUUUL 
(MINUS) POL BP/GND <tgndadsagdias 


A/D CONVERTERS 
DISPLAY 


ANALOG 
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| LCD/LED 
— | DISPLAY 
| a aCe ERE. 


INPUT 
FIGURE 1. TYPICAL APPLICATION CIRCUIT 
H17131, HI7133 45V 
) 0.47pF 

EXTERNAL —sIo 40 1 
CLOCK 2 
39 3 
4 
a 38 5 
6 
C of 7 
- 8 
EXTERNAL | “2 9 
REFERENCE CvREF = 'HF 10 
[- 11 
CREF = 4 12 
13 
O.1LF 44 14 
32 16 
r- 17 
- 18 
EXTERNAL ™ 19 
save . CIN == 0.01UF 4 = 
21 
: 29 2 
AZ 23 

0.47F 
Runt 28 24 
180K 25 
= Cint =i 26 

0.047.F 


Critical Components General Specifications: 
1. Cijy7: Low dielectric absorption capacitor, 
polypropylene or similar 


2. Caz, Creer, Cin: Low leakage capacitors 


6V 


FIGURE 2. TEST CIRCUIT 
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= 9V 
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LCD/LED é 
DISPLAY ; 

i AND | 
| TEST | 
LOGIC z 

| 

| 

| 
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| 
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| 
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| 
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Cn =0.01nF Caz =0.47pF 

CreF=0.1pF CyRy =1yF 

Cw =0.047uF Ry = 1MQ 
Rint = 180kQ 
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Absolute Maximum Ratings 


Supply VOUROG, V410 Veo ic ec wcs vec det axncnesrwswndere +15V 
Signal Inputs, Pin# 30, 31 (Note 1)...................4. V+ to V- 
Reference Inputs, Pin# 35,36 ...................20... V+ to V- 
Clock Input, OSC1, Pin# 40 (Note 2)............ TEST pin to V+ 
All Other Analog Leads, Pin# 27-29, 32-34 ............. V+ to V- 
All Other Digital Leads, 

Pin# 2-25, 38, 39 (Note 2)... .. ccc ecacecenas TEST Pin to V* 


Operating Conditions 
Operating Temperature, Tp.......... 020 e eee eee 0°C to 70°C 


HI7133 


Thermal Information 


Thermal Resistance (Typical, Note 3) Oya (CCW) 
Pia Fae oy earee cheever ee ceue eh aunt ces 50 
MUPE PACKNGG s oac2cscenrwaneevawenee ween s 80 

Maximum Junction Temperature..................-005. 150°C 

Maximum Storage Temperature Range .......... -65°C to 150°C 


Maximum Lead Temperature, PDIP Package (Soldering 10s) 300°C 
(MQFP - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Input voltages may exceed the supply voltages provided the input current is limited to +100pA. 
2. TEST pin is connected to internally generated digital ground through a 5002 resistor (see text for TEST pin description). 


3. Oya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications 


(Notes 5, 6, 7) Ta = 25°C. Device is Tested in the Circuit Shown in Figure 2. 


Full Scale Range (FSR) = 200.0mvV, Unless Otherwise Specified 


ACCURACY 


Zero Input Reading Drift Vin = OV 


PARAMETER TEST CONDITIONS | MIN. | TYP | MAX | UNITS 


Ratiometric Reading Vin H! = VREF HI» VINLO = VREF LO = VCOMMON 999/ 1001 Reading 
VREF HI - VREF LO = 100mMV 1000 

Rollover Error Vin = +199mV 

FSR = 200mV or 2V (Notes 5, 8) 


Over Full Temperature Range 
(Notes 5, 8) 


Scale Factor Temperature Coefficient | Vij, = 199mV, Over Full Temperature Range, 
Reference Drift Not Included (Notes 5, 8) | 

Equivalent Input Noise (Peak-To-Peak | Vix = OV (Notes 5, 8) 

Value Not Exceeded 95% of the Time) 


Common Mode Voltage Sensitivity Vom = +1V, Vin = OV (Notes 5, 6, 8, 9) 


Input Leakage Current Vin = OV (Notes 5, 8) 


Overload Recovery Period Vin Changing from +10V to OV 
(Notes 5, 8) 


COMMON Pin Voltage (With Respect | V+ to V- = 10V 

to V+, i.e., V+ - VcoMMON) 

COMMON Pin Voltage Temperature V+ to V- = 10V (Notes 5, 8) 
Coefficient 


COMMON Pin Sink Current +0.1V Change on Vcommon (Note 5) 
COMMON Pin Source Current -0.1V Change on Vcommon (Note 5) 


=| ean 


uVPC 
+0.01 Count?°C 
1 +5 ppm/°C 
+0.01 Count?C 
uV 
Count 


+0.2 


+0.2 


ESE 
o-—=- 


I+ 


— 
o 


0.15 


oO 
qo — 
ak 
O 
= 
S< 


1 Conversion 
Cycle 


Ww 
E 


15 


3 


=D 

so 
3 
ye) 
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Electrical Specifications (Notes 5, 6, 7) Ta = 25°C. Device is Tested in the Circuit Shown in Figure 2. 
Full Scale Range (FSR) = 200.0mV, Unless Otherwise Specified (Continued) 


PARAMETER TEST CONDITIONS | MIN. | TYP | MAX UNITS 


DISPLAY DRIVER (HI7131) 


Peak-To-Peak Segment Drive Voltage | V+ to V- = 10V p 4 fo 5 | 6 fo ov 
age 


POWER SUPPLY (Nominal Supply Voltage; V+ to V- = 10V) 


Supply Current (Does Not Include Vin = OV (Note 10) 70 100 pA 
COMMON Pin Current) Oscillator Frequency = 16kHz 

Power Dissipation Capacitance VS Clock Frequency (Notes 5, 8) p= {| 40 fo - | op 
DISPLAY DRIVER (HI7133) 


Segment Sink Current V+=+5.0V 
(Except Pins 19 and 20) 


Driver Pin Voltage = 3.0V 
Pin 19 Sink Current 


Pin 20 Sink Current 


POWER SUPPLY Nominal Supply Voltage; V+ = +5V, V- = -5V, Both Respect to GND Pin 


Oscillator Frequency = 16kHz 
Does Not Include COMMON Pin and Display 
Current 


4. Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 


. All typical values have been characterized but not tested. 
. See “Parameters Definition” section. 


. Parameter not tested on a production basis, guaranteed by design and/or characterization. 


5 
6 
7. Count is equal to one number change in the least significant digit of the display. 
8 
9. See “Differential Input” section. 


10. 48kHz oscillator increases current by 20uA (Typ). 


HI7131, HI7133 


Design Information Summary Sheet 


OSCILLATOR FREQUENCY 


fosc = 0.45/RC(osc) 

Cosc 2 50pF 

Rosc > 50kQ 

Cosc = 50pF, Rosc = 180kQ; fosc (Typ) = 48kHz 


CLOCK FREQUENCY 


fcLock = fosc/4 
CLOCK PERIOD 


tcLock = 1/fcLock 

CONVERSION CYCLE 

Tcoyc = 4000 x tcLock = 16000 x tosc 
For fosc = 40kHz; Tcyc = 400ms 


SIGNAL INTEGRATION PERIOD 


Tint = 1000 x tcLock 
60/50Hz REJECTION CRITERIA 


Tint / teoHz OF Tint / tsoHz = Integer 

OPTIMUM FULL SCALE ANALOG INPUT RANGE 
VINES = 200mV to 2V 

INPUTS VOLTAGE RANGE 

(V- + 1V) < Vin Lo Or Vin Hy < (V+ - 1V) 

MAXIMUM INTEGRATION CURRENT 


lINT(MAX) = Vines / Rint 
Maximum integration current should be the maximum 


buffer output current with no nonlinearity effect. 
Maximum Buffer Output Current = 1A 


INTEGRATOR MAXIMUM OUTPUT VOLTAGE SWING 


VINT(MAX) = (Tint) (lintT(MAX))/CINT 
(V- + 0.5) < ViINT(MAX) < (V+ - 0.5) 


(Typ) VinT(MAX) = 2V 


INTEGRATING RESISTOR 


Rint = Vines / lint(MAX) 
INTEGRATING CAPACITOR 

Cint = (TINT) (lint(MAx)) / VINT(MAX) 
AUTO-ZERO CAPACITOR VALUE 


REFERENCE CAPACITOR VALUE 
0.1pF < Crer < 1pF 


REFERENCE INPUTS VOLTAGE RANGE. 
V- < VREFLO OF VREFHI < V+ 
REFERENCE VOLTAGE 


VReF = Vinrs/2 
COMMON PIN VOLTAGE 


VCOMMON = V+ - 2.8, (Typ), VcomMmon is regulated and 
can be used as a reference. It is biased between V+ and 
V- and regulation is lost at (V+ -V-) < 6.8V. Vcommon pin 
does not have sink capability and can be externally pulled 
down to lower voltages. 


DISPLAY TYPE 

LCD, Non-Multiplexed 

POWER SUPPLY, V+ TO V- 

Single +9V or 5V Nominal, +5V to +12V Functional 
DISPLAY READING 


Reading = 1000 x (Vin / Vrer) 
Maximum Reading = 1999, for Vix, = 1.999 x Vrer 


Typical Integrator Amplifier Output Waveform (INT Pin) 


INTEGRATOR 
VOLTAGE SWING 
| ) y 
| 1 | 
| AUTO-ZERO PHASE ! SIGNALINTEGRATE '! 
| 100 COUNTS OR | PHASE FIXED I 
1 990-2990 COUNTS | 1000 COUNTS I 
1 \ 1 
\ " i 
' 1 t 


DEINTEGRATE PHASE ZERO INTEGRATE PHASE 
0 - 2000 COUNTS 10 COUNTS OR 
900 COUNTS 


———— ee 
4000 COUNTS: TOTAL OF EACH CONVERSION CYCLE 


NOTE: 1 Count = 1 Clock Cycle = 4 Oscillator Cycles. 


A/D CONVERTERS 


DISPLAY 
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Pin Descriptions 


PIN NUMBER 
44 PIN 
40 PIN DIP | FLATPACK FUNCTION DESCRIPTION 


a aa 
| £ | @ | | D1 | Output | Driver Pin for Segment “D” of the display units digit. 
} C1 [Output Driver Pin for Segment “C” of the display units digit. 
| B1 | Output | Driver Pin for Segment “B” of the display units digit. 
PF 8] 2 | AL | Output | Driver Pin for Segment “A” of the display units digit. 
6 18 | FY [Output Driver Pin for Segment “F” of the display units digit. 
| G1 | Output | Driver Pin for Segment “G” of the display units digit. 


ET Driver Pin for Segment “E” of the display units digit. 


Driver Pin for Segment “D” of the display tens digit. 


9) 


Driver Pin for Segment “C” of the display tens digit. 
Driver Pin for Segment “B” of the display tens digit. 


— 
oO 


Driver Pin for Segment “A” of the display tens digit. 


7 


Driver Pin for Segment “F” of the display tens digit. 


Nh 
— 


Driver Pin for Segment “E” of the display tens digit. 


Oo 
a) 


Driver pin for segment “D” of the display hundreds digit. 


108) 
i¢) 


Driver pin for segment “B” of the display hundreds digit. 


F3 Driver pin for segment “F” of the display hundreds digit. 


ie) 
ol 
m 
Ww 


Driver pin for segment “E’” of the display hundreds digit. 


> 
18) 


4 
POL 
BP/GND 


Driver pin for both “A” and “B” segments of the display thousands digit. 


ine) 
NJ 


Driver pin for the negative sign of the display. 


Driver pin for the LCD backplane/Power Supply Ground. 


Ww 


Driver pin for segment “G’” of the display hundreds digit. 


Driver pin for segment “A” of the display hundreds digit. 


ie) 
mks 
i) 


Driver pin for segment “C’” of the display hundreds digit. 


ron) 
nm 
G) 
ne) 


Driver pin for segment “G’ of the display tens digit. 


io) 
Bp 
< 


Supply Negative power supply. 


io) 
o 


INT 
BUFF 
A-Z 


IN LO 
IN HI 


Integrator amplifier output. To be connected to integrating capacitor. 
Input buffer amplifier output. To be connected to integrating resistor. 


Integrator amplifier input. To be connected to auto-zero capacitor. 


Differential inputs. To be connected to input voltage to be measured. LO and HI 
designators are for reference and do not imply that LO should be connected to 
lower potential, e.g., for negative inputs IN LO has a higher potential than IN HI. 


COMMON Supply/ Internal voltage reference output. 


Output 


Crerf- Connection pins for reference capacitor. 


CReFt+ 
REF LO 
REF HI 


TEST 


OSC3 
OSC2 
OSC1 


Input pins for reference voltage to the device. REF HI should be positive 
reference to REF LO. 


Display test. Turns on all segments when tied to V+. 


Ww =i =e =e 
NO PP] WO oO Co;n ol 
Ww 


Device clock generator circuit connection pins. 


HI7131, 


Definition of Specifications 
Count 


A Count is equal to one number change in the least signifi- 
cant digit of the display. The analog size of a count referred 
to ADC input is: 


oq . Full Scale Range 
Analog Count Size Max Reading + 1° 


Max reading +1 fora 3'/o digit display is 2000 (1999+1). 
Zero Input Reading 


The reading of the ADC display when input voltage is zero 
and there is no common mode voltage, i.e., the inputs are 
shorted to COMMON pin. 


Ratiometric Reading 


The reading of the ADC display when input voltage is equal 
to reference voltage, i.e., IN HI tied to REF HI and IN LO tied 
to REF LO and COMMON pins. The accuracy of reference 
voltage is not important for this test. 


Rollover Error 


Difference in the absolute value reading of ADC display for 
equal magnitude but opposite polarity inputs. The input volt- 
age should be close to full scale, which is the worst case 
condition. 


Linearity 


Deviation of the ADC transfer function (output reading 
versus input voltage transfer plot) from the best straight line 
fitted to ADC transfer plot. 


Scale Factor Temperature Coefficient 


The rate of change of the slope of ADC transfer function due 
to the change of temperature. 


Equivalent Input Noise 


The total random uncertainty of the ADC for converting a 
fixed input value to an output reading. This uncertainty is 
referred to input as a noise source which produces the 
equivalent effect. It is given for zero input and is expressed 
as Peak-to-Peak noise value and submultiples of Counts. 


Overload Recovery Period 


A measure of how fast the ADC will display an accurate 
reading when input changes from an overload condition to a 
value within the range. This is given as the number of con- 
version cycles required after the input goes within the range. 


HI7133 


Theory of Operation 


The HI7131 and HI7133 are dual-slope integrating type A/D 
converters. As the name implies, its output represents the 
integral or average of the input signal. A basic block diagram 
of a dual-slope integrating converter is shown in Figure 3. A 
conventional conversion cycle has two distinct phases: 


First, the input signal is integrated for a fixed interval of 
time. This is called the signal integration phase. In this 
phase, the input of the integrator is connected to the input 
signal through the switch. During this time, charge builds 
up on Ciyt, which is proportional to the input voltage. 


The next phase is to discharge Cjy7. This is called reference 
integration or deintegration phase, with the use of a fixed ref- 
erence voltage. The time it takes to discharge the Cy is 
directly proportional to the input signal. This time is con- 
verted to a digital readout by means of a BCD counter, 
driven by a clock oscillator. During this phase, the integrator 
input is connected to an opposite polarity reference voltage 
through the switch to discharge Cin. 


Notice that during the integration phase, the rate of charge 
built up on the capacitor is proportional to the level of the 
input signal, and there is a fixed period of time to integrate 
the input. However, during the discharge cycle the rate of 
discharge is fixed and there is a variable time period for com- 
plete discharge. 


A 3"/p digit BCD counter is shown in the block diagram, the 
period of integration is determined by 1000 counts of this 
counter. Just prior to a measurement, the counter is reset to 
zero and Ciyz has no charge. At the beginning of the mea- 
surement, the control logic enables the counter and the inte- 
grator input is connected to the input node. Charge begins 
accumulating on Cijy7 and the output of the integrator moves 
down or up respectively for positive or negative inputs. This 
process continues until the counter reaches 1000 counts. 
This will signal the control logic for the start of the deintegrat- 
ing cycle. The control logic resets the counter and connects 
the integrator input to a reference voltage opposite to that of 
the input signal. The charge accumulated on Cj\y7 is now 
starting to be removed and the counter starts to count up 
again. As soon as all the charge is removed, the output of 
the integrator reaches OV. This is detected by the compara- 
tor and the control logic is signaled for the end of a measure- 
ment cycle. At this time the number accumulated in the 
counter is the representation of the input signal. This number 
will be stored on the latches and displayed until the end of 
the next measurement cycle. 
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CiINT 


\ / ° 
+VREF 


REFERENCE 
VOLTAGE 


TIMING SIGNALS 
CONTROL INTEGRATOR 
LOGIC FOR POSITIVE 
1 ecedl NNE INPUT 
31/, DIGIT BCD COUNTER —s ewaLE 
MAXIMUM COUNT: 1999 CLK COUNTER 
foLkK OUTPUT 


U 


LATCHES 
AND 
DISPLAY DRIVERS 


DISPLAY 


LATCH 


COMPARATOR 


CLOCK 
GENERATOR 


VARIABLE 
DEINTEGRATION 
TIME 


FIXED ' 
INTEGRATION | 
TIME 


VARIABLE 
SLOPE 


Trott ccccct ccc ccc 


1000 


TINT ty te 


FIGURE 3. DUAL SLOPE INTEGRATING A/D CONVERTER 


Figure 3 shows a typical waveform of the integrator output 
for 2 different positive input values and the associated repre- 
sentation of the counter output for those inputs. Tjy7 is the 
time period of integrating phase. t; and to are the end of 
measurement for 2 different inputs. 


The dual slope integrating technique puts the primary 
responsibility for accuracy on the reference voltage. The val- 
ues of Rint and Cit and the clock frequency (fc_K) are not 
important, provided they are stable during each conversion 
cycle. This can be expressed mathematically as follows: 


TDEINT 
J) Vrerct 
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TINT 


Vyat = <=— 


AV = Sa 
ner RintCint 
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_ Vrertpeint 
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Vin: Input Average Value During Integration Time 


T = 1000(;— ) 
INT foik 


1 
t = Accumulated Counts{ ) 
DEINT foik 


VIN 
Accumulated Counts = 1000——— = 


Vv Display Reading 
REF 


It can be seen that the output reading of the ADC is only 
proportional to the ratio of Vijy over Vref. The last equation 
also demonstrates that for the maximum display reading 
(i.e., 1999) we will have Vinx, = 1.999 Vref. This implies that 


in this configuration the full scale range of the converter is 
twice its reference voltage. 


The inherent advantages of integrating A/D converters are; 
very small nonlinearity error, no possibility of missing codes 
and good high frequency noise rejection. 


Furthermore, the integrating converter has extremely high 
normal mode rejection of frequencies whose periods are an 
integral multiple of the integrating period (Tj\y7). This feature 
can be used to reject the line frequency related noises which 
are riding on input voltage by appropriate selection of clock 
frequency. This is shown in Figure 4. 
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FIGURE 5B. ICL7136 AND ICL7137 ANALOG SECTION FUNCTIONAL DIAGRAM 
FIGURE 5. HI7131, HI7133 vs ICL7136, ICL7137 ANALOG SECTIONS 


HI7131/33 vs 1CL7136/37 


Figure 5 shows the analog front end block diagram of both 
HI7131/33 and ICL7136/37. The difference is the common 
reference voltage generator connection and 2 extra analog 
switches in the ICL7136. The HI7131 architecture uses the 
INLO as the reference point of the integrator (non-inverting 
input of the integrator amplifier) in all the phases of the con- 
version cycle. The 1CL7136 uses INLO as a reference point 
only during integration cycle and COMMON pin is used as 
the integrator reference point during auto-zero, deintegrate, 
and zero integrate phases. 


The circuit configuration of the HI7131 results in a superior 
120dB rejection of DC common mode on the inputs. How- 
ever, the HI7131 has reduced AC common mode noise 
rejection, since the noise on the INLO input can cause errors 
during the deintegration phase. 


The circuit configuration of the ICL7136 is unaffected by the 
AC noise riding on the inputs, but the DC common mode 
rejection on the input is only 86dB. 
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Analog Section Description 


Figure 5A shows a simplified diagram of the analog section 
of the HI7131 and HI7133. The circuit performs basic 
phases of dual slope integration. Furthermore, the device 
incorporates 2 additional phases called “Auto-Zero” and 
“Zero Integrate”. The device accepts differential input signals 
and reference voltages. Also, there is a reference voltage 
generator which sets the COMMON pin 2.8V below the V+ 
supply. A complete conversion cycle is divided into the 
following four phases: 


1. Auto-Zero (A/Z) 

2. Signal Integrate (INT) 

3. Deintegrate or Reference Integrate (DE+) 
4. Zero Integrate (ZI) 


Digitally controlled analog switches direct the appropriate 
signals for each phase of the conversion. 


Auto-Zero Phase 


During auto-zero three things occur. First, IN HI is discon- 
nected from the device internal circuitry and _ internally 
shorted to IN LO. Second, the reference capacitor is 
charged to the reference voltage. Third, a feedback loop is 
closed around the system to charge the auto-zero capacitor 
Caz and integrating capacitor Cj,y7 to compensate for offset 
voltages in the buffer amplifier, integrator, and comparator. 
Since the comparator is included in the loop, the A/Z accu- 
racy is limited only by the noise of the system. In any case, 
the offset referred to the input is less than 10pV. 


Signal Integrate Phase 


During signal integrate the auto-zero loop is opened and the 
internal INPUT HIGH is connected to the external pins. The 
converter then integrates the differential voltage between IN 
HI and IN LO for a fixed time. This differential voltage can be 
within a wide input common mode range: up to 1V from 
either supply. At the end of this phase, the polarity of the 
integrated signal is determined. 


Deintegrate Phase 


During this phase the IN LO and the internal INPUT HIGH are 
connected across the previously charged reference capacitor. 
The bridge type circuitry within the chip ensures that the 
capacitor will be connected with the correct polarity to cause 
the integrator output to return to zero. The time required for 
the output to return to zero is proportional to the input signal. 
As specified before, the digital reading displayed is: 

DIGITAL READING = rooo{ ist No 

REFHI~ Y REFLO 


Zero Integrate Phase 


This phase is provided to eliminate overrange hangover and 
causes fast recovery from heavy overrange. During this 
phase a feedback loop is closed around the system by 
connecting comparator output to internal INPUT HIGH. This 
will discharge the integrator cz citor (Cjj7), Causing the 
integrator output return to zero. L uring this phase the refer- 
ence capacitor is also connected to reference input, charg- 
ing to the reference voltage. 


A typical integrator output voltage during different phases is 
shown on the “Design Information Summary Sheet.” This 
integrator output is for negative inputs and is referred to IN LO. 
For positive inputs the integrator output will go negative. 


Digital Section Description 


Figure 6 shows the block diagram of the digital section of the 
HI7131. The diagram shows the clock generator, control 
logic, counters, latches and display decoder drivers. An 
internal digital ground is generated from a 6V Zener diode 
and a large P-Channel source follower. This supply is capa- 
ble of absorbing the relatively large capacitive currents when 
the LCD backplane (BP) and segment drivers are switched. 


Display Drivers 


A typical segment output driver consists of P-Channel and 
N-Channel MOSFETs. 


An LCD consists of a backplane (BP) and segments. BP 
covers the whole area under the segments. Because of the 
nature of the LCDs, they should be driven by square waves. 
The BP frequency is the clock frequency divided by 800. For 
three readings/second this is a 60HzZ square-wave with a 
nominal amplitude of 5V. The segments are driven at the 
same frequency and amplitude and are in phase with BP 
when OFF, but out of phase when ON. In all cases negligible 
DC voltage exists across the segments. The polarity indica- 
tion is “ON” for negative analog inputs. If INLO and IN HI are 
reversed, this indication can be reversed also, if desired. 


The HI7131 is a direct display drive (versus multiplexed) and 
each segment in each digit has its own segment driver. The 
display font and the segment assignment on the display are 
also shown in Figure 6. 


Figure 6 shows the block diagram of the digital section of the 
HI7133. The diagram shows the clock generator, control 
logic, counters, latches and display decoder drivers. The 
supply rails of the digital circuitry are V+ and GND. 


Display Drivers 


A typical segment output consists of a P-Channel and an 
N-Channel MOSFET. This configuration is designed to drive 
common anode LED displays. The nominal sink current for 
each segment is 8mA, a typical value for instrument size 
common anode LED displays. The driver for the thousand 
digit is twice as big as other segments and can sink 16mA 
since it is actually driving 2 segments. The sink current for 
the polarity driver is 7mA. The polarity driver is on for 
negative inputs. The HI7133 is a direct display drive (versus 
multiplexed) and each segment in each digit has its own seg- 
ment driver. The display font and the segment assignment 
on the display are also shown in Figure 7. 


Clock Generator 


The clock generator circuit basically includes 2 CMOS 
inverters and a divide-by-4 counter. It is designed to be used 
in 2 different basic configurations. 
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1. Figure 7A, an External Oscillator Driving OSC 1. 


2. Figure 7B, an RC Oscillator Using All 3 Oscillator Circuit 
Pins. 


CLOCK 
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FIGURE 7B. RC OSCILLATOR 
FIGURE 7. CLOCK CIRCUITS 


The oscillator output frequency is divided by 4 before it clocks 
the rest of the digital section. Notice that there are 2 separate 
frequencies which are referred to as; oscillator frequency 
(fosc) and clock frequency (fo_«) with the relation of: 


1 = OSC 
CLK~ “4 


To achieve maximum rejection of 60Hz pickup, the signal 
integrate cycle should be a multiple of 60Hz. For 60Hz, 
rejection oscillator frequencies of 120kHz, 80kHz, 60kHz, 
48kHz, 40kHz, 33'/3kHz, etc. should be selected. For 50Hz 
rejection, oscillator frequencies of, 100kHz, 66°/3kHz, SOkHz, 
40kHz, etc. would be suitable. Note that 40kHz (2.5 read- 
ings/sec) will reject both 50Hz and 60Hz (also 400Hz and 
440Hz). 


For the RC oscillator configuration the relationship between 
oscillator frequency, R and C values are: 


¢  — 0-45 
OSC RoscCosc 


(R in Ohms and C in Farads.) 
System Timing 


As it has been mentioned, the oscillator output is divided by 
4 prior to clocking the digital section and specifically, the 
internal decade counters. The control logic looks at the 
counter outputs and comparator output (see analog section) 
to form the appropriate timing for 4 phases of conversion 
cycle. 


The total length of a conversion cycle is equal to 4000 
counts and is independent of the input signal magnitude or 
full scale range. Each phase of the conversion cycle has the 
following length: 


Auto-Zero Phase 


100 counts in case an overrange is detected. 990 to 2990 
counts for normal conversion. For those inputs which are less 
than full scale, the deintegrate length is less than 2000 counts. 
Those extra counts on deintegrate phase are assigned to 
auto-zero phase to keep the conversion cycle constant. 


Signal Integrate Phase 


1000 counts, a fixed period of time. The time of integration 
can be calculated as: 


1 { 
oe 1000(;— ) - 4000(;—— } 
ih foLk fosc 


Deintegrate Phase 


0 to 2000 counts, variable length phase depending on the 
input voltage. 


Zero Integrate Phase 


10 counts in case of normal conversion. 900 counts in case 
an overrange is detected. 


Functional Considerations of Device Pins 
COMMON Pin 


The COMMON pin is the device internal reference generator 
output. 


The COMMON pin sets a voltage that is about 2.8V less 
than the V+ supply rail. This voltage (V+ - Vconmon) is the 
on-chip reference which can be used for setting converter 
reference voltage. 


Within the IC, the COMMON pin is tied to an N-Channel tran- 
sistor capable of sinking up to 3mA of current and still keeping 
COMMON voltage within the range. However, there is only 1A 
of source current capability. The COMMON pin can be used as 
a Virtual ground in single supply applications when the external 
analog signals need a reference point in between the supply 
rails. If higher sink and source current capability is needed for 
virtual ground a unity gain op-amp can be used as a buffer. 


Differential Inputs (IN LO, IN Hl) 


The input can accept differential voltages anywhere within the 
common mode range of the input amplifier, or specifically from 
1V below the positive supply to 1V above the negative supply. 
In this range, the system has a CMRR of 120dB (Typ). 
However, care must be exercised to assure the integrator 
output does not saturate. This is illustrated in Figure 8, which 
shows how common mode voltage affects maximum swing on 
the integrator output. Figure 8 shows the circuit configuration 
during conversion. In this figure, common mode voltage is 
considered as a voltage on the IN LO pin referenced to 
(V+-V-) / 2, which is usually the GND in a dual supply 
system. 
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A worst case condition would be a large positive common- 
mode voltage with a near full scale negative differential input 
voltage. The negative input signal drives the integrator posi- 
tive when most of its swing has been used up by the positive 
common mode voltage. For these critical applications the 
integrator output swing can be reduced to less than the rec- 
ommended 2V full scale swing with little loss of accuracy. 
The integrator output can swing to within 0.3V of either 
supply without loss of linearity. 
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FIGURE 8. COMMON MODE VOLTAGE CONSIDERATION 


Differential Reference (REF HI, REF LO) and Reference 
Capacitor Pins (Cper+, Crer-) 


As was discussed in the analog section (Figure 5), the differ- 
ential reference pins are connected across the reference 
capacitor (connected to pins Caer+ and Crer-) to charge it 
during the zero integrate and the auto-zero phase. Then the 
reference capacitor is used as either a positive or negative 
reference during the deintegrate phase. The reference 
capacitor acts as a flying capacitor between the reference 
voltage and integrator inputs in the deintegrate phase. 


The common mode voltage range for the reference inputs is 
V+ to V-. The reference voltage can be generated anywhere 
within the power supply range of the converter. The main 
source of rollover error is reference common mode voltage 
caused by the reference capacitor losing or gaining charge 
to or from stray capacitance on its nodes. If there is a large 
common mode voltage, the reference capacitor can gain 
charge (increase voltage) when called upon to deintegrate a 


positive signal but lose charge (decrease voltage) when 
called up to deintegrate a negative input signal. This change 
in reference for positive or negative input voltage will give a 
rollover error. However, by selecting the reference capacitor 
such that it is large enough in comparison to the stray capac- 
itances, this error can be held to less than 0.5 counts worst 
case. See the “Component Value Selection” section for 
auto-zero capacitor value. 


TEST Pin 


The TEST pin serves two functions. It is coupled to the 
internally generated digital ground through an effective 500Q 
resistor. Thus, it can be used as the digital ground for external 
digital circuits such as segment drivers for decimal points or 
any other annunciator the user may want to include on the 
LCD display. For these applications the external digital circuit 
should be supplied between V+ and TEST pin. Figures 9 and 
10 show such an application. In Figure 9 a MOSFET transis- 
tor is used to invert the BP signal to drive the decimal point. 
The MOSFET can be any general purpose type with a thresh- 
old voltage less than 3.5V and ON resistance less than 500Q. 
Figure 10 uses an CMOS IC XOR gate to generate controlla- 
ble decimal point drives. No more than a 1mA load should be 
applied to TEST pin by any external digital circuitry. 
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FIGURE 10. EXCLUSIVE “OR” GATE FOR DECIMAL POINTS 
AND ANNUNCIATORS DRIVE 


The second function of the TEST pin is the “lamp test’. 
When the TEST pin is pulled high (to V+) all segments will 
be turned on and the display should read -1888. The test pin 
will sink about 10mA under these conditions. 


CAUTION: In the lamp test mode, the segments have a constant DC 
voltage (no square-wave). This may burn the LCD display if 
maintained for extended periods. 
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Component Selection 


Integrating resistors and capacitors (Rijt, Cint): A guide- 
line to achieving the best performance from an integrating 
A/D converter is to try to reduce the value of Rij, increase 
the value of Ci,y7, while having the highest possible voltage 
swing at the output of the integrator. This will reduce the sen- 
sitivity of the circuit to noise and leakage currents. In addition 
to these guidelines the circuit limitations should also be con- 
sidered. 


To determine Riyt, the imposed circuit limitation is the max- 
imum output drive current of the buffer amplifier (see Figure 
5) while maintaining its linearity. This current for the buffer 
amplifier is about 1A. The Riytz resistor can be calculated 
from the expression: 


5 : Vin (Full Scale) 
INT “tna 
The standard optimum values for Riy7 are 180kQ for 200mV 
full scale and 1.8MQ for 2V full scale. Type of resistor and its 
absolute value is not critical to the accuracy of conversion, 
as was discussed previously. 


The integrating capacitor should be selected to yield the 
maximum allowable voltage range to the integrator output 
(INT pin). The maximum allowable range does not saturate 
the integrator output. The integrator output can swing up or 
down to 0.3V from either supply rail and still maintain its lin- 
earity. 


A nominal +2V maximum range is optimum. The maximum 
range values are selected in order to leave enough room for 
all the component and circuit tolerances and for a reason- 
able common mode voltage range. The Ciy7 value can now 
be calculated as: 


Tintlint 


G = ’ 
INT ViNTMAX 


Where T)jy7 depends on clock frequency and was discussed 
before and |)\7 is expressed as: 


Vin (Full Scale) 


lor = 
sid RINT 


For 48kHz nominal oscillator frequency (12kHz clock internal 
frequency), Rit equals 180kQ for 1.8MQ for the above 
mentioned swing, the optimum value for Cyy7 is 0.047 uF. 


An additional requirement of the integrating capacitor is to 
choose low dielectric absorption. This will minimize the con- 
verter’s rollover, linearity and gain error. Furthermore, the 
integrating capacitor should also have low leakage current. 
Different types of capacitors are adequate for this applica- 
tion; polypropylene capacitors provide undetectable errors at 
reasonable cost and size. The absolute value of Cjj7 does 
not have any effect on accuracy. 


HI7133 


Auto-Zero Capacitor (Caz) 


The value of the auto-zero capacitor has some influence on 
the noise of the converter. A larger value Caz has less sensi- 
tivity to noise. For 200mV full scale (resolution of 100V), 
where noise is important, a 0.47uF or greater is recom- 
mended. On the 2V full scale, (resolution of 1mV), a 0.047uF 
capacitor is adequate for low noise. 


The auto-zero capacitor should be a low leakage type to 
hold the voltage during conversion cycle. A mylar or 
polypropylene capacitor is recommended for Caz. 


Reference Capacitor (Cr_er) 


As discussed earlier, the input to the integrator during the 
deintegrate phase is the voltage at the reference capacitor. 
The sources of error related to the reference capacitor are 
stray capacitances at the Cr_er terminals, and the leakage 
currents. Where a large common mode voltage exists for 
Vref, the stray capacitances increase the rollover error by 
absorbing or pumping charge onto Cr_er when positive or 
negative inputs are measured. Leakage of the capacitor 
itself or leakages through circuit boards will drop the voltage 
across Cre_er and cause gain and rollover errors. The circuit 
boards should be designed to minimize stray capacitances 
and should be well cleaned to reduce leakage currents. 


A 0.1pF capacitor for Caer should work properly for most 
applications. When common mode voltage exists or at 
higher temperatures (where device leakage currents 
increase) a 1.0uF reference capacitor is recommended to 
reduce errors. The Crager capacitor can be any low leakage 
type, a mylar capacitor is adequate. 


Those applications which have variable reference voltage 
should also use a low dielectric absorption capacitor such as 
polypropylene, for example, a ratiometric measurement of 
resistance. 


Oscillator Components 


When an RPC type of oscillator is desired, the oscillator 
frequency is approximately expressed by: 


t... = 0-45 
OSC = RG’ 


(R in Ohms and C in Farads), where R > 50kQ and C > 50pF. 
For 40kHz frequency which gives 2.5 readings per second, use 
100K and 100pF or use 180kQ and 50pF for lower power loss. 


There is a typical variation of about 5% between oscillator 
frequencies of different parts. The oscillator frequency will 
decrease 1% for each 25°C rise. For those applications in which 
normal mode rejection of 60Hz or 50Hz line frequency is critical, 
a crystal or a precision external oscillator should be used. 


Reference Voltage Selection 


For a full scale reading the input signal is required to be 
twice the reference voltage. To be more precise, the full 
scale reading (+1999) takes place when the input is 1.999 
times the Vref. Vref is the potential difference between 
REF Hi and REF LO inputs. Thus, for the nominal 200mV 
and 2V ranges, Vref should be 100mV and 1V respectively. 
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In many applications where the A/D is connected to a trans- 
ducer, there will exist a scale factor other than unity between 
the input voltage and the digital reading. For instance, in a 
weighing system, the designer might like to have a full scale 
reading when the voltage from the transducer is 0.682V. 
Instead of dividing the input down to 200.0mV, the designer 
should use the input voltage directly and adjust the Vref for 
0.341V. Suitable values for integrating resistor and capacitor 
would be 620kQ and 0.047uF. This makes the system slightly 
quieter and also avoids a divider network on the input. 


The on-chip voltage reference (V+ - VcomMmoN) |S normally 
used to provide the converter reference voltage. However, 
some applications may desire to use an external reference 
generator. Various possible schemes exist for reference volt- 
age settings. Figure 11 shows the normal way of using on- 
chip reference and also a way of using external reference. 
The value of resistors on both circuit depends on the con- 
verter input voltage range. Refer to “Typical Applications” 
section for various schemes. 


Typical Applications 


The HI7131 and HI7133 A/D Converters may be used in a 
wide variety of configurations. The following application 


V+ 


V+ 


HI7131/33 


REF Hi 


REF LO 


COMMON 


See “Typical Applications” section for 
resistance values for different ranges. 


circuits show some of the possibilities, and serves to illus- 
trate the exceptional versatility of these devices. 


The following application notes contain very useful informa- 
tion on understanding and applying these parts and are 
available from Harris Semiconductor. 


Application Notes 


AnswerFAX 
NOTE # DESCRIPTION DOC. # 


ANO16 | “Selecting A/D Converters” | 9016 | 
ANO17 | “The Integrating A/D Converter” 9017 


ANO18 | “Do’s and Don'ts of Applying A/D 9018 
Converters” 


ANO032 9032 


“Understanding the Auto-Zero and 


Common Mode Performance of the 
ICL7136/7/9 Family” 


AN052 | “Tips for Using Single Chip 3"/p Digit A/D 
Converters” 
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V+ 27K 
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REF HI ICL8069 


1.2V 
REF LO REFERENCE 


COMMON 


FIGURE 11. HI7131 TYPICAL REFERENCE CIRCUITS 
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Typical Applications 


TO PIN 1 TO PIN 1 
ose 2 FR ces RR 
osc 2 [39 osc 2 [39 
OSC 3 [38 SET VreF OSC 3 |38) Le SET Vrer 
TEST [37 SOpF / = 100mV TEST p = 100mV 
REF HI [36 REF HI [36 
REF Lo [35 REF LO [35 
a = 20kQ 220k Caer faa 20kQ 180kQ | 27ka 
Crer [33 CreF (33) 1.2V (ICL8069) 
on — as ae 2 an Beene 
IN HI IN HI 
INLO [30 O47 ,F INLO 190 0.470F 
‘ A-Z = 
he 180kQ “ = 180kQ 
BUFF [26] = ov BUFF |28 
NT | INT EZ 0.15uF 
v- [2 0.047uF v- [26 15p =p? 
G2 [25 G2 [25 
C3 | 24 C3 [24 
2a | to pIsPLaY 28 | to DISPLAY 
A3 a3 [23 
G3 G3 faa 
BP/GND [21] TO BACKPLANE 0V BP/GND [21 TO BACKPLANE 0V 


Values shown are for 200mvV full-scale, 3 readings/sec., floating 


supply voltage (9V battery). 


FIGURE 12. HI7131 AND HI7133 USING THE INTERNAL 


IN LO is tied to supply GND establishing the correct common-mode 
voltage. COMMON acts as a pre-regulator for the reference. Values 


shown are for 1 reading/sec. 


FIGURE 13. HI7131 AND HI7133 WITH AN EXTERNAL 


REFERENCE BAND-GAP REFERENCE (1.2V TYPE) 
TO PIN 1 TO PIN 1 
osc 1 [40 osc 1 [40 
ose 6see 3— Wn —! 
osc 3 [38 SET Vrer osc 3 [38 SET Vrer 
TEST [37 SOpF =1V TEST [37 SOpF / = 100mV 
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3 ee to DISPLAY te ae TO DISPLAY 
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G3 [2 G3 [23 
BP/GND [21] TO BACKPLANE 0V BP/GND [27 TO BACKPLANE 0V 


For 1 reading/sec., change Cijyt, Rosc to values of Figure 12. An external reference must be used in this application, since the 
voltage between V+ and V- is insufficient for correct operation of the 
internal reference. COMMON holds the IN LO almost at the middle 


of the supply, = 2.7V. 


FIGURE 15. HI7131 AND HI7133 OPERATED FROM SINGLE +5V 
SUPPLY 


FIGURE 14. RECOMMENDED COMPONENT VALUES FOR 
2.000V FULL-SCALE, 3 READINGS/SEC 
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TO = 
BACKPLANE OV 


The resistor values within the bridge are determined by the desired Ww) 
net c 
sensitivity. a 
E> 
FIGURE 16A. HI7131 AND HI7133 MEASURING RATIOMETRIC VALUES OF QUAD LOAD CELL 1 < 
>. 
zn 
+5V . a) 
OQ 
a 


TO LOGIC 
Voc 


12kQ 
The LM339 is required to ensure 


logic compatibility with heavy dis- 
play loading. 


> V- 


U /RANGE 


CD4023 OR 
74C10 


LM339 33kQ = 


FIGURE 16B. CIRCUIT FOR DEVELOPING UNDERRANGE AND OVERRANGE SIGNALS FROM HI7133 OUTPUTS 
FIGURE 16. 
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Typical Applications (continued) 


TO PIN 1 


100kQ 
f wile 
Ad = == 
SILICON NPN 
MPS 3764 OR 
SIMILAR 
BUFF [28 = ov 
INT [27 — 
v- fs 0.047uF 
G2 [25 
c3 [24 
= TO DISPLAY 
A3 [23 
G3 [2 
BP/GND [21 TO BACKPLANE 0V 


A silicon diode-connected transistor has a temperature coefficient of about -2mV/°C. Calibration 
is achieved by placing the sensing transistor in ice water and adjusting the zeroing potentiome- 
ter for a 000.0 reading. The sensor should then be placed in boiling water and the scale-factor 
potentiometer adjusted for a 100.0 reading. See AD590 data sheets for alternative circuits. 


FIGURE 17A. HI7131 AND HI7133 USED AS A DIGITAL CENTIGRADE THERMOMETER 


SCALE FACTOR ADJUST 
(Vper > 100mV for AC to RMS) 


TO PIN 1 p +5V 


10yF 


osc 1 [40] 

naar 
OSC 3 [38] 

TEST [37] oe 


REF LO [35] 
Crer [34 


Crer [33 
COMMON [32 


100pF (FOR OPTIMUM BAND WIDTH) 


FIGURE 17B. AC TO DC CONVERTER AND HI7133 FOR RMS DISPLAY 
FIGURE 17. 
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Typical Applications (continued) 


TO PIN 1 
OSC 2 [39 10yF SCALE FACTOR ADJUST 
osc 3 [38] (Vref = 100mV FOR AC TO RMS) 


TEST = 
REF HI [36 
REF Lo [35] 


100pF 
(FOR OPTIMUM BANDWIDTH) 


C3 [24 
28 |r DISPLAY 
A3 [23 
G3 
BP/GND [21] TO BACKPLANE OV 


Test is used as a common-mode reference level to ensure compatibility with most op amps. 


FIGURE 18. AC TO DC CONVERTER WITH HI7131 AND HI7133 


TO LOGIC 
Voc 


TO LOGIC 
GND 


U /RANGE 


CD4023 OR 
74C10 


CD4077 
FIGURE 19. CIRCUIT FOR DEVELOPING UNDERRANGE AND OVERRANGE SIGNALS FROM HI7131 OUTPUTS 
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A/D CONVERTERS 
DISPLAY 


HI7131, HI7133 


Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 
127 mils x 149 mils Type: PSG Nitride 
Thickness: 15kA +3 
METALLIZATION: 
Type: Al WORST CASE CURRENT DENSITY: 
Thickness: 10kA +1kA 9.1 x 104 A/cm? 


Metallization Mask Layout 
HI7131, HI7133 


Eo Fo Ag Bg Cg Dg Ey Gy Fy Ay 
(14) (13) (12) (11) (10) (9) (8) (7) (6) (5) 


D3 (15) ot ‘or (4) By 

Bg (16) Sitio re a ere 

F3 (17) aie 

Es (18) ISS Pe h ri (2) Dy 

mie 
Is 


iz 
POL (20) Sy 
xy 


ABg (19) (1) V+ 


(40) OSC 1 


BP/GND (21) = 
AWW Ue Ue Fj “ : : 
’ . ‘ ° 1 
Ag (23) e Sy “ 5 Me (39) OSC 2 
‘= t . a r 
ae et ° f 8 8 : 


(38) OSC 3 


(37) TEST 


V- (26) 
(27) (28) (29) (30) (31) (32) (33) (34) (35) (36) 

INT BUFF A/Z INLO- INHI COMM Cprer-Crcr+ LO HI 

REF REF 


HARRIS ICL7106, ICL7107 
SemiconDUCTOR ICL7106S, ICL7107S 


Complete Data Sheet available via web, Harris’ 3 "Ny Digit, 


home page: http://www.semi.harris.com F 
Anguek 1207 || sta Haile Artwerr AX eau Section 17 LCD/LED Display, A/D Converters 


Features Description 


+ RRARAnaRS Seo Meselng ter Oe InP RE SG Alera The Harris 1CL7106 and ICL7107 are high performance, low 

e True Polarity at Zero for Precise Null Detection power, 3'/5 digit A/D converters. Included are seven seg- 

ment decoders, display drivers, a reference, and a clock. 

The ICL7106 is designed to interface with a liquid crystal dis- 

¢ True Differential Input and Reference, Direct Display Drive play (LCD) and includes a multiplexed backplane drive; the 

- LCD 1ICL7106, LED ICL7107 ICL7107 will directly drive an instrument size light emitting 
diode (LED) display. 


The ICL7106 and ICL7107 bring together a combination of 
¢ On Chip Clock and Reference high accuracy, versatility, and true economy. It features auto- 
zero to less than 10pV, zero drift of less than 1pV/°C, input 
bias current of 10pA (Max), and rollover error of less than 
e No Additional Active Circuits Required one count. True differential inputs and reference are useful in 
Enhanced Display Stability (ICL7106S, ICL7107S) an Syeiniie, Bul Give ine SAargnet aN LOKEGRIMON Advantage 

when measuring load cells, strain gauges and other bridge 

. : type transducers. Finally, the true economy of single power 
Order mig Information supply operation (ICL7106), enables a high performance 


| weneun, Weel wade. feubia panel meter to be built with the addition of only 10 passive 
PART NO. | RANGE (°C) components and a display. 

fecroscr. | own [wuaror [ems 

fecroercr | ow |wwaro tem [ews 


¢ 1pA Typical Input Current 


e Low Noise - Less Than 15uVp.p 


¢ Low Power Dissipation - Typically Less Than 10mW 


A/D CONVERTERS 
DISPLAY 


NOTE: “R’” indicates device with reversed leads for mounting to PC 
board underside. “S” indicates enhanced stability. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3082.1 
Copyright © Harris Corporation 1997 3-07 


ICL7106, ICL7107, ICL7106S, ICL7107S 


Pinouts 
1CL7106, ICL7107 (PDIP) 1CL7106R, ICL7107R (PDIP) 
TOP VIEW TOP VIEW 
V+ 40] OSC 1 OSC 1 V+ 
D1 139] OSC 2 OSC 2 D1 
C1 138} OSC 3 OSC 3 Ci 
B1 37] TEST TEST B1 
(1’s)< At 36] REF HI REF HI Ai $(1’s) 
Fi 35] REF LO REF LO F1 
G1 34] Crer+ CreF+ G1 
E1 33] Crer- Crer- E1 
D2 [32] COMMON COMMON D2 
C2 37] IN HI IN HI C2 
_. | B2 30] IN LO IN LO B2 
ala A2 9] A-Z A-Z A2 i's) 
F2 5] BUFF BUFF F2 
E2 [7 27} INT INT E2 
D3 26] V- v- D3 
_, | B3 25] G2 (10's) G2 (10’s) B3 
(100'8) 9 3 4] C3 C3 Fg f (100s) 
E3 [23] A3 > (100’s) (100’s) < A3 E3 
(1000) AB4 23] G3 G3 (1000) AB4 
(MINUS) POL 27] BP/GND BP/GND 27] POL (Mmvus) 
1CL7106, ICL7107 (MQFP) 
TOP VIEW 
z 
=o it 2 - Oo Le 
ri a a 
fereouoofzi«e am Zs 
ETT FLELELEL 
ncCL_ ae “0 -—TJNnc 
NCL_L__]] 2 LL G2 
TESTCL_]| 3 -—T) c3 
osc 3CI_]] 4 7) 143 
NCC_L__]} 5 Tr" G3 
osc 2C I _]] 6 _1_) BP/GND 
osc iC. —_]]| 7 -——T_} POL 
V+ T 1 8 | Slt 6} ABS 
bDiCL—]| 9 [—TJE3 


=] 
i 
be 9 | 
w 


1 
11 
1 
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Gg HARRIS I1CL7116, ICL7117 


Complete Data Sheet available via web, Harris’ 


home page: http://www.semi.harris.com 3 "Io Digit, LCD/LED Display, 
August 1997 or via Harris AnswerFAX, see Section 17 A/D Converter with Display Hold 


Features Description 


¢ HOLD Reading Input Allows Indefinite Display Hold The Harris 1CL7116 and ICL7117 are high performance, low 
¢ Guaranteed Zero Reading for OV Input power, 31/5 digit, A/D converters. Included are seven segment 
decoders, display drivers, a reference, and a clock. The 
ICL7116 is designed to interface with a liquid crystal display 
1pA Typical Input Current (LCD) and includes a multiplexed backplane drive. The 
Direct Display Drive ICL7117 will directly drive an instrument size, light emitting 


- LCD ICL7116 diode (LED) display. 


- LED ICL7117 The ICL7116 and ICL7117 have all of the features of the 
Low Noise - Less Than 15.Vp.p (Typ) ICL7106 and ICL7107 with the addition of a HOLD Reading 
input. With this input, it is possible to make a measurement 
and retain the value on the display indefinitely. To make room 
Low Power Dissipation - Typically Less Than 10mW for this feature the reference low input has been connected 
No Additional Active Circuits Required to Common internally rather than being fully differential. 

; These circuits retain the accuracy, versatility, and true econ- 

Surface Mount Package Available omy of the ICL7106 and ICL7107. They feature auto-zero to 

‘ . less than 10uV, zero drift of less than 1V/°C, input bias cur- 
Order Ing Information rent of 10pA maximum, and roll over error of less than one 


TEMP count. The versatility of true differential input is of particular 
PART NUMBER | RANGE (°C) egos | prene., advantage when measuring load cells, strain gauges and 
other bridge-type transducers. And finally, the true economy 
ICL7116CPL 40 Ld PDIP E406 of single power supply operation (ICL7116) enables a high 
ICL7116CM44 44LdMQFP 1|Q44.10x10 performance panel meter to be built with the addition of only 
eleven passive components and a display. 
ICL7117CPL 40LdPDIP }e406 | 


e True Polarity at Zero for Precise Null Detection 


On Chip Clock and Reference 


A/D CONVERTERS 
DISPLAY 


Pinouts 


ICL7116, ICL7117 (PDIP) 1CL7116 (MQFP) 
TOP VIEW TOP VIEW 


| Crer- 
|r| ~6} COMMON 


— 
> 
—_ 


N no 1 2 W BD 


o 8 @ 


a_h k 


(100’s) 


oh 


(1000) AB4 


minus) POL 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3083.1 
Copyright © Harris Corporation 1997 3-09 


D HARA ICL7126 


Complete Data Sheet available via web, Harris’ i — 
home page: http://Awww.semi.harris.com 3 Ip Digit, Low Power, 


August 1997 or via Harris AnswerFAX, see Section 17 Single-Chip A/D Converter 


Features Description 


8,000 Hours Typical 9V Battery Life The ICL7126 is a high performance, very low power 
3'/5-digit, A/D converter. All the necessary active devices 
; : are contained on a single CMOS IC, including seven seg- 
True Polarity at Zero for Precise Null Detection ment decoders, display drivers, reference, and clock. The 
1pA Typical Input Current ICL7126 is designed to interface with a liquid crystal display 
(LCD) and includes a backplane drive. The supply current of 
100A is ideally suited for 9V battery operation. 


Guaranteed Zero Reading for OV Input on All Scales 


True Differential Input and Reference 
Direct LCD Display Drive - No External Components —— 
Required The ICL7126 brings together an unprecedented combination 
. ; . of high accuracy, versatility, and true economy. It features 
Pin Compatible With the ICL7106 auto-zero to less than 10uV, zero drift of less than 1pV/°C, 
Low Noise - Less Than 15. Vp_p input bias current of 10pA maximum, and rollover error of 
less than one count. The versatility of true differential input 
oo and reference is useful in all systems, but gives the designer 
Low Power Dissipation Guaranteed Less Than 1mW an uncommon advantage when measuring load cells, strain 
No Additional Active Circuits Required gauges and other bridge-type transducers. And finally the 
; . true economy of single power operation allows a high 
Ordering Information performance panel meter or multi-meter to be built with the 

addition of only 10 passive components and a display. 


TEMP. 
 ioruneen Leer ed Sie The ICL7126 can be used as a plug-in replacement for the 


ICL7126CPL 0to70 |40Ld PDIP E406 ICL7106 in a wide variety of applications, changing only the 
passive components. 
ICL7126RCPL 0 to 70 40 Ld PDIP (Note) | E40.6 


NOTE: “R” indicates device with reversed leads. 


On-Chip Clock and Reference 


Pinout 


ICL7126 
(PDIP) 
TOP VIEW 


(100’s) 


(1000) AB4 


POL 
(MINUS) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 
pyrig p 3-30 


File Number 3084.1 


HARRIS 


SEMICONDUCTOR 


Complete Data Sheet available via web, Harris’ 
home page: http://www.semi.harris.com 


or via Harris AnswerFAX, see Section 17 


August 1997 


ICL7129 


4'/5 Digit LCD, 
Single-Chip A/D Converter 


Features 


+19,999 Count A/D Converter Accurate to +4 Count 
10u.V Resolution on 200mV Scale 

110dB CMRR 

Direct LCD Display Drive 

True Differential Input and Reference 

Low Power Consumption 

Decimal Point Drive Outputs 

Overrange and Underrange Outputs 

Low Battery Detection and Indication 

10:1 Range Change Input 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 


ICL7129CPL 0 to 70 40 Ld PDIP E40.6 


ICL7129RCPL 0to70 |40LdPDIP 40.6 
ICL7129CM44 44LdMQFP | Q44.10x10 


NOTE: “R” indicates device with reversed leads. 


Pinouts 


ICL7129 (PDIP) 
TOP VIEW 


DISPLAY OUTPUT LINES 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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Description 


The Harris 1CL7129 is a very high performance 4'/5-digit, 
analog-to-digital converter that directly drives a multiplexed 
liquid crystal display. This single chip CMOS integrated cir- 
cuit requires only a few passive components and a reference 
to operate. It is ideal for high resolution hand-held digital 
multimeter applications. 


The performance of the ICL7129 has not been equaled 
before in a single chip A/D converter. The successive integra- 
tion technique used in the ICL7129 results in accuracy better 
than 0.005% of full scale and resolution down to 10uV/count. 


The ICL7129, drawing only 1mA from a 9V battery, is well 
suited for battery powered instruments. Provision has been 
made for the detection and indication of a “LOW/BATTERY” 
condition. Autoranging instruments can be made with the 
ICL7129 which provides overrange and underrange outputs 


and 10:1 range changing input. The ICL7129 instantly checks ye 
for continuity, giving both a visual indication and a logic level uu 
output which can enable an external audible transducer. These = a 
features and the high performance of the ICL7129 make it an ~ = 
extremely versatile and accurate instrument-on-a-chip. zu” 
[An 
O 
QO 
2 


ICL7129 (MQFP) 
TOP VIEW 
° bis 
ae Ob . = 5 
BE zag ESSE 
Udo UU Uo 
UE EEE Ly 
DGNDLUL__ io sia sis i 1.) V+ 


RANGE C_L__]} 2 |_t_} V- 
ppP,C Lj} 3 PL) NC 
pop,C Tj] 4 1) NC 
osc 2C-[_}} 5 a a liad 
osc iC jj 6 [1 DP3/UR 
OSC 3C Tj] 7 |___t_ J DP4/OR 
NCCT ]j 8 Lhd VSP 
NCCL_]j 9 Y__L_) BP1 


0 


| BP2 


1 
1 


; 6 20 rT} BP3 
FOU 
abehedsheyedehayets! 
Q 
sige GE Saga 
Crge sel psge 

ay a 
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Features 


e First Reading Overrange Recovery in One Conversion 
Period 

Guaranteed Zero Reading for OV Input on All Scales 
True Polarity at Zero for Precise Null Detection 

1pA Typical Input Current 

True Differential Input and Reference, Direct Display Drive 
- LCD ICL7136 

- LED ICL7137 

Low Noise - Less Than 15uVp.p 

On Chip Clock and Reference 

No Additional Active Circuits Required 

Low Power - Less Than 1mW 

Surface Mount Package Available 

Drop-in Replacement for ICL7126, No Changes Needed 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 


ICL7136CPL 0 to 70 40 Ld PDIP E40.6 
ICL7136RCPL 0 to 70 40 Ld PDIP (Note) | E40.6 


joura7cpt | ow70 [ao.aPop [eos 


NOTE: “R” indicates device with reversed leads. 


Pinouts 
(PDIP) 
TOP VIEW 


(100’s) 


(1000) AB4 


(MINUS) non 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


7136, ICL7137 


3 '/5 Digit LCD/LED, Low Power Display, 
D Converters with Overrange Recovery 


Description 


The Harris 1CL7136 and ICL7137 are high performance, low 
power 3'/p digit, A/D converters. Included are seven seg- 
ment decoders, display drivers, a reference, and a clock. 
The ICL7136 is designed to interface with a liquid crystal dis- 
play (LCD) and includes a multiplexed backplane drive; the 
1CL7137 will directly drive an instrument size, light emitting 
dicde (LED) display. 


The ICL7136 and ICL7137 bring together a combination of 
high accuracy, versatility, and true economy. It features auto- 
zero to less than 10,V, zero drift of less than 1nV/°C, input 
bias current of 10pA (Max), and rollover error of less than 
one count. True differential inputs and reference are useful in 
all systems, but give the designer an uncommon advantage 
when measuring load cells, strain gauges and other bridge 
type transducers. Finally, the true economy of single power 
supply operation (ICL7136), enables a high performance 
panel meter to be built with the addition of only 10 passive 
components and a display. 


The ICL7136 and ICL7137 are improved versions of the 
ICL7126, eliminating the overrange hangover and hysteresis 
effects, and should be used in its place in all applications. It 
can also be used as a plug-in replacement for the ICL7106 
in a wide variety of applications, changing only the passive 
components. 
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ICL7139, ICL7149 


Complete Data Sheet available via web, Harris’ 
home page: http://www.semi.harris.com 


aD 


33/, Digit, 
Autoranging Multimeter 


August 1997 or via Harris AnswerFAX, see Section 17 


Features 


¢ 13 Ranges - ICL7139 
- 4DC Voltage 400mV, 4V, 40V, 400V 
- 1 AC Voltage 400V 
- 4DC Current 4mA, 40mA, 400mA, 4A 
- 4 Resistance 4kQ, 40kQ, 400kQ, 4MQ 
e 18 Ranges - ICL7149 
- 4DC Voltage 400mV, 4V, 40V, 400V 
- 2 AC Voltage with Optional AC Circuit 
- 4DC Current 4mA, 40mA, 400mA, 4A 
- 4AC Current with Optional AC Circuit 
- 4 Resistance 4kQ, 40kQ, 400kQ, 4MQ 
Autoranging - First Reading is Always on Correct Range 
On-Chip Duplex LCD Display Drive Including Three Dec- 
imal Points and 11 Annunciators 
¢ No Additional Active Components Required 
e Low Power Dissipation - Less than 20mW - 1000 Hour 
Typical Battery Life 
Display Hold Input 
Continuity Output Drives Piezoelectric Beeper 
e Low Battery Annunciator with On-Chip Detection 
¢ Guaranteed Zero Reading for OV Input on All Ranges 


Description 


The Harris 1CL7139 and ICL7149 are high performance, low 
power, auto-ranging digital multimeter ICs. Unlike other 
autoranging multimeter ICs, the ICL7139 and ICL7149 
always display the result of a conversion on the correct 
range. There is no “range hunting” noticeable in the display. 
The unit will autorange between the four different ranges. A 
manual switch is used to select the 2 high group ranges. DC 
current ranges are 4mA and 40mA in the low current group, 
and 400mA and 4A in the high current group. Resistance 
measurements are made on 4 ranges, which are divided into 
two groups. The low resistance ranges are 4/40kQ. The high 
resistance ranges are 0.4/4MQ. Resolution on the lowest 
range is 1Q. 


Ordering Information 


-earrmusen [nance] racxace | oxa.no- 
PART NUMBER | RANGE (°C) 
jecrvecre | owro [wousror [eon 


Pinouts 
ICL7139, ICL7149 (PDIP) ICL7149 (MQFP) 
TOP VIEW TOP VIEW 
POL/AC 40] ADG3/E3 7 _ < 
SRugoARPES Go 
BP2 [2 39] B3/Cs {eos SS Se oS 
BP1 guocodcdmu & qazo 
a Heil NoOngogooooon 
+ 2/E2 
¥ zo OOOO AE 
44 43 42 41 40 39 38 37 36 3534 
Vrer [6 | 35} B2/C2 A2/D2L1—i'@ 33] Maina 
- Bren | ce =o 
Hia [8 33] G,/Ey ciety 7 
ave Sl ap B3/C, CL] 4 30|—1D) Osc IN 
9 1/4 ADG3/E3 CIO 5 29|[——T- Osc ouT 
COMMON [10) 31] By/Cy POL/AC CIO—| 6 28|[I-) HOLD 
INT 1 111] Fo/DP, NC MT 7 27 | 1 _) HIQ-DC/LOQ-AC 
INT V/Q [12 129] Go/Ep BP2 CI] 8 26 |) W/Qia 
TRIPLE POINT [13 128] Ag/Do BP1 CI-—_]} 9 25 |[——T7) mA/pA 
Caz [14 Bo/Co V+CT 4/10 24\—_T_) BEEPER OUT 
11 
Cir [15 26] LO BAT/V NC CT"; 20 21 23° |f}—L NC 
ee 22] MAMA FOU UU 
mA/pA [17 24] QIA NOOO0GOG0D0D0DOL 
vais [ie 23] k/m “ES EESES ESS 
HIO-DC/LOQ-AC OSC IN ze" 8S FE 
HOLD [20) 21] OSC OUT 8 2 
E 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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A/D CONVERTERS 


DISPLAY 


ICL8052/ICL71C03, 
L8068/ICL71C03 


Precision 4'/o Digit, A/D Converter 


—" 


SEMICONDUCTOR 


aD 


August 1997 


Complete Data Sheet available via web, Harris’ 
home page: http://www.semi.harris.com 


or via Harris AnswerFAX, see Section 17 


Features 


° Typically Less Than 2u.Vp_p Noise (200.00mV Full 
Scale, ICL8068) 


Accuracy Guaranteed to +1 Count Over Entire +20,000 
Counts (2.0000V Full Scale) 


Guaranteed Zero Reading for OV Input 


True Polarity at Zero Count for Precise Null Detection 


Single Reference Voltage Required 


Over-Range and Under-Range Signals Available for 
Auto-Ranging Capability 


All Outputs TTL Compatible 
Medium Quality Reference, 40ppm (Typ) on Board 


Blinking Display Gives Visual Indication of Over 
Range 


Six Auxiliary Inputs/Outputs are Available for 
Interfacing to UARTs, Microprocessors or Other 
Complex Circuitry 


5pA Input Current (Typ) (8052A) 


Pinouts 
ICL8052/ACL8068 
(CERDIP, PDIP) 
TOP VIEW 
v-1 1 14] INT OUT 
COMP OUT [ 2] 13] +BUFF IN 
REF CAP | 3| 12] +INT IN 
REF BYPASS | 4) i -INT IN 
GND 5 -BUFF IN 
REF OUT | 6 19 | BUFF OUT 
REF SUPPLY ICL8052/ 8 V+4 


ICL8068 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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Description 


The ICL8052 or ICL8068/ICL71C03 chip pairs with their 
multiplexed BCD output and digit drivers are ideally suited 
for the visual display DVM/DPM market. The outstanding 
4"p digit accuracy, 200.00mV to 2.0000V full scale capabil- 
ity, auto-zero and auto-polarity combine with true ratiometric 
operation, almost ideal differential linearity and time-proven 
dual slope conversion. Use of these chip pairs eliminates 
clock feedthrough problems, and avoids the critical board 
layout usually required to minimize charge injection. 


When only 2000 counts of resolution are required, the 71C03 
can be wired for 3'/o digits and give up to 30 readings/sec., 
making it ideally suited for a wide variety of applications. 


The ICL71C03 is an improved CMOS plug-in replacement for 
the ICL7103 and should be used in all new designs. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 


fiotsoszcro | o0w70_|tsaror [eas 
rretricoscr | 0.70 _|ze.aror [zee 
fcwricosacrr | 070 |zetarom [zee 


ICL71C03 (PDIP) 
TOP VIEW 
V+ BUSY 
41213" [2 27] D, (LSD) 
POL | 3| 26} D2 
RUN/HOLD | 4. 125] D3 
COMP IN [5 24] Dg 
V- 23] Bg (MSB) 
REFERENCE Bg 
REF. CAP. 1 [8] 21] Bo 
REF. CAP. 2 [9] 20] B, (LSB) 
ANALOG IN [10| 9] Ds (MSD) 
ANALOG GND 11) 18} STROBE 
CLOCK IN [12] 7] A-ZIN 


UNDER-RANGE [13] 


OVER-RANGE [14) 15] DIGITAL GND 


3081.1 


File Number 


Selection Guide .... 


A/D Converters - High Speed Data Sheets 


CA3304, CA3304A 


CA3306, CA3306A, 
CA3306C 


CA3318 
HI1166 
HI1172 
HI1175 
H11176 
H11179 
H11276 
H11386 
H11396 
HI1826 
HI1866 
HI2300 
H1I2301 
H1I2302 
HI2303 
HI3026 
HI3026A 
HI3086 
HI3304 
HI3306 
HI3318 
HI5662 
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HIGH SPEED 
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4-BIT HIGH SPEED A/D CONVERTER 


; INPUT 
CONV. TECH- a INL DNL TEMP. 
DEVICE OUTPUTS TYPE NOLOGY | SUPPLY (V) (LSB) | (LSB) | RANGE oa FEATURES 
HI3304 JIP, JIB Parallel, Binary, Flash CMOS, +3 to 7.5 2.0 +0.25 | +0.25 Low Power 25mW 
4-Bit Latch, Three-State SOS 


6-BIT HIGH SPEED A/D CONVERTER 


CONV. POWER | INPUT 
MIL CONV. RATE TECH- | SUPPLY se INL DNL TEMP. 
DEVICE SPEC OUTPUTS | TYPE = NOLOGY (V) (LSB) (LSB) | RANGE wi FEATURES 
JIP/15, ¥ Parallel, Flash CMOS, +3 to 7.5 40.5 +0.5 Low Power 70mW, 
JIB/15 Binary, SOS Replaces Exar 
JIB/10 Three-State 


A A 


HI3-5701K Parallel, ESee. ES 41.25 +0.6 hal Low Cost 
Binary, 
6-Bit Latch, per 
Three-State 
= 


MP7682 Second 
Source 
HI3-5701B 
PECL | Flash ve torte tt tet oe or ES} 
Ca Sc 
frisoas [sca [free] tof 200 Pec [sores [a1 | 02 [202 [ com [ er |rabemm M10 


8-BIT HIGH SPEED A/D CONVERTER 
INPUT 
CONV. | RATE |FPBW| TECH- POWER INL | DNL | TEMP. 
DEVICE OUTPUTS TYPE | (MSPS) | (MHz) NOLOGY ae (LSB) | (LSB)|RANGE| Vper FEATURES 


HI3318 JIP, JIB | Parallel, Binary, 3-Bit CMOS, 6.4 +1.5 | +1.0, Low Power 8-Bit Flash 
Latch, Three-State SOS -0.8 
HI1175 JCB, JCP | Parallel, Binary, 8-Bit eS CMOS er 


JCQ {TTL 20 CMOS +5Va / +3.3Vp +1.3 | +0.5 | COM INT {Low Power 125mW, DC Restore, 
(1db) Int Amp. 
HI1179 JCQ Parallel, Binary, 8-Bit CMOS INT | Low Power 80mW, DC Restore 
Latch, Three-State 


A/D CONVERTERS 
HIGH SPEED 
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8-BIT HIGH SPEED A/D CONVERTER (Continued) 


CONV. 
OUTPUTS TYPE 
HI5714/4 CB Parallel, Binary 2-Step 15 
Folding 


TT step 
rmas0s | cam _——~dtiC So 


HI5714/6 
His662/6 | IN | 


HI5714/7 


HI1396 JCJ, AIL | Parallel, Binary, Flash 125 
8-Bit Latch 


IND, EXT |Low Power 870mW 
COM 
HI1166 AIL Parallel, Binary, Flash Bipolar -5.2 EXT }|Low Power 1.4W 
8-Bit Latch 
HI1276 AIL Parallel, Binary, Flash 500 Bipolar +0.7 EXT | Low Power 2.8W 
8-Bit Latch 


‘> | INPUT 
FPBW | TECH- POWER RANGE] INL } DNL | TEMP. 
OUTPUTS CONV. TYPE} (MSPS) (MHz) |NOLOGY} SUPPLY (V) (V) (LSB) | (LSB) |} RANGE | Vper FEATURES 
HI5710A JCQ_ | Offset Binary, 2’s |2 Step Flash CMOS | +5V,/+3.3Vp +1.3 COM EXT | Low Power 150mW 
Complement 
HI5767/2 CB Offset Binary, 2’s Pipeline CMOS +5Vq /+3Vp 1 +1.0 COM INT 
Complement . 
HI5702 Offset Binary, 2’s | Pipeline | 36 | 250 — BiCMOS +5 —-#1.0 Com | EXT |9+ENOB at 10MHz Input 
Compl 
HI5703 KCB _ | Offset Binary, 2’s Pipeline BiCMOS | +5V,a/+3Vp +1.0 COM EXT |9+ ENOB at 10MHz Input 
Complement 
HI5746 KCB | Offset Binary, 2’s Pipeline CMOS +5Vq /+3VpD 1 +1.0 COM EXT | Low Power 225mW, 
Complement 8.8 ENOB at 10MHz 


POWER 
SUPPLY (V) 


INPUT 
RANGE| INL | DNL | TEMP. 

(V) | (LSB) | (LSB)|RANGE] Vper FEATURES 
ENOB = 7.8 Bits at 4.43MHz 


L205 |__| Go | INT [Low Power 125m, DO Restore | 
| IND | INT | Triple A/D, DC Restore 


COM | EXT | ENOB =7.7 Bits at 4.43MHz 
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10-BIT HIGH SPEED A/D CONVERTER (Continued) 


CONV. INPUT 
RATE TECH- ei INL | DNL | TEMP. 
DEVICE OUTPUTS CONV. TYPE] (MSPS) NOLOGY| SUPPLY (V) (LSB) | (LSB) | RANGE | Vper FEATURES 
HI5767/4 CB Offset Binary, 2’s Pipeline 40 250 CMOS +5V, /+3Vp +1.0 COM INT 
Complement 
HI5767/6 CB Offset Binary, 2’s Pipeline 250 CMOS +5V, /+3Vp +1.0 | +0.5 COM INT 
Complement 
HI5766 KCB_ | Offset Binary, 2’s Pipeline 250 CMOS +5Vq /+3Vp 1 #10 | 205 COM EXT | Low Power 315mW, 
Complement 8.3 ENOB at 10MHz Input 
HI5762/6 Offset Binary, 2’s Pipeline 250 CMOS +5V, /+3Vp +1.0 | +0.5 COM Dual A/D 
Complement 


12-BIT HIGH SPEED A/D CONVERTER 


J INPUT 
CONV. RATE |FPBW| TECH- nw INL DNL | TEMP. 
OUTPUTS TYPE | (MSPS) |(MHz)}NOLOGY| SUPPLY (V) (LSB) | (LSB) |RANGE] Vper FEATURES 
HI5800 BID, | Parallel, Binary, Two-Step — | +1.0 COM, NT | High Performance Sampling A/D 
KCD | Three-State, 8-Bit Bus, IND System, +11.5 ENOB 
so5 | Bu Bit Bus and 16-Bit 


iowa ee Binary me 100 BICMOS } +5V,/+3Vp_| 45Vq / +3Vp oo tepet Sh 10.3 ENOB at 1MHz Input, 300mW 

BICMOS | +5V,/+3Vp ) 4 | ato | 405 | IND | INT | 11 ENOB at 1MHz Input, 300mW 
HI5808 Sette BICMOS | +5V,/+3Vp ) 4 | a0 | 405 | IND | INT | 10.8 ENOB at 1MHz Input, 325mW 
14-BIT HIGH SPEED A/D CONVERTER 


INPUT INPUT 
MIL CONV. FPBW | TECH- INL DNL | TEMP. 
DEVICE SPEC | OUTPUTS TYPE (MHz) |NOLOGY| SUPPLY (V) (LSB) | (LSB) | RANGE] Vper FEATURES 


A/D CONVERTERS 


HIGH SPEED 
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GHARRIS CA3304, CA3304A 


Complete Data Sheet available via web, Harris’ 
home page: http://www.semi.harris.com 4-Bit, 25 MSPS, 


August 1997 or via Harris AnswerFAX, see Section 17 Flash A/D Converters 


Features Description 


CMOS/SOS Low Power with Video Speed (Typ) ..25MW = The Harris CA3304 is a CMOS parallel (FLASH) analog-to- 
Parallel Conversion Technique digital converter designed for applications demanding both 
Single Power Supply Voltage 3V to 7.5V low-power consumption and high speed digitization. Digitiz- 
25MHz Sampling Rate (40ns Conversion Time) at 5V ing at 25MHz, for example, requires only about 35mW. 
Supply The CA3304 operates over a wide, full-scale signal input 
4-Bit Latched Three-State Output with Overflow and voltage range of 0.5V up to the supply voltage. Power 
Data Change Outputs consumption is as low as 10mW, depending upon the clock 
"Ig LSB Maximum Nonlinearity (A Version) frequency selected. 


Inherent Resistance to Latch-Up Due toSOS Process The intrinsic high conversion rate makes the CA3304 types 
Bipolar Input Range with Optional Second Supply ideally suited for digitizing high speed signals. The overflow 
¢ Wide Input Bandwidth (Typ) bit makes possible the connection of two or more CA3304s 
——— in series to increase the resolution of the conversion system. 
Applications A series connection of two CA3304s may be used to pro- 
e High Speed A/D Conversion duce a 5-bit, 25MHz converter. Operation of two CA3304s in 
¢ Ultrasound Signature Analysis parallel doubles the conversion speed (i.e., increases the 
sampling rate from 25MHz to 50MHz). A data change pin 
indicates when the present output differs from the previous, 
thus allowing compaction of data storage. 


¢ Transient Signal Analysis 
High Energy Physics Research 
General-Purpose Hybrid ADCs 
Optical Character Recognition 
Radar Pulse Analysis 


Sixteen paralleled auto-balanced voltage comparators mea- 
sure the input voltage with respect to a known reference to 
produce the parallel-bit outputs in the CA3304. Fifteen com- 
Motion Signature Analysis parators are required to quantize all input voltage levels in this 
Robot Vision 4-bit converter, and the additional comparator is required for 
RSSI Circuits the overflow bit. 


A/D CONVERTERS 
HIGH SPEED 


Ordering Information 


PART NUMBER | LINEARITY (INL, DNL)} SAMPLING RATE TEMP. RANGE (°C) | PACKAGE | PKG.NO. | 
CA3304E +0.25 LSB 25MHz (40ns) -40 to 85 16 Ld PDIP E16.3 
CA3304AE +0.125 LSB 25MHz (40ns) -40 to 85 16 Ld PDIP E16.3 


[cassoum | 2025188 | 25MHe One) | ~a0was _[retasorcim _|wiea 


Pinout 


CA3304 (SBDIP, PDIP, SOIC) 
TOP VIEW 


BIT 1 (LSB) [7 


DATA CHANGE (DC) [5| 
OVERFLOW (OF) [6] 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 4-7 


File Number 1790.2 


™ HARRIS CA3306, CA3306A, 
seMicanbucToR CA3306C 


Complete Data Sheet available via web, Harris’ . 
home page: http://www.semi.harris.com 6-Bit, 15 MSPS, 


August 1997 or via Harris AnswerFAX, see Section 17 Flash A/D Converters 


Features Description 


e CMOS Low Power with Video Speed (Typ) 7O0mW_~ The CA3306 family are CMOS parallel (FLASH) analog-to-digital 
. llel Conversion Techni converters designed for applications demanding both low power 
rare =o a nee consumption and high speed digitization. Digitizing at 15MHz, for 


¢ Signal Power Supply Voltage 3V to 7.5V example, requires only about 50mW. 


¢ 15MHz Sampling Rate with Single 5V Supply The CA3306 family operates over a wide, full scale signal input volt- 
¢ 6-Bit Latched Three-State Output with Overflow Bit age range of 1V up to the supply voltage. Power consumption is as 
© Pin-for-Pin Retrofit for the CA3300 low as 15mW, depending upon the clock frequency selected. The 
CA3306 types may be directly retrofitted into CA3300 sockets, offer- 
: ; ing improved linearity at a lower reference voltage and high operat- 

Ap Pp lications ing speed with a 5V supply. 


TV Video Digitizing The intrinsic high conversion rate makes the CA3306 types ideally 
Ultrasound Signature Analysis suited for digitizing high speed signals. The overflow bit makes pos- 
Transient Signal Analysis sible the connection of two or more CA3306s in series to increase 
' : the resolution of the conversion system. A series connection of two 
High Energy Physics Research CA3306s may be used to produce a 7-bit high speed converter. 
High Speed Oscilloscope Storage/Display Operation of two CA3306s in parallel doubles the conversion speed 
General Purpose Hybrid ADCs (i.e., increases the sampling rate from 15MHz to 30MHz). 


Optical Character Recognition Sixty-four paralleled auto balanced comparators measure the input 
voltage with respect to a known reference to produce the parallel bit 
outputs in the CA3306. Sixty-three comparators are required to 
Motion Signature Analysis quantize all input voltage levels in this 6-bit converter, and the addi- 
Robot Vision tional comparator is required for the overflow bit. 


Radar Pulse Analysis 


Ordering Information 


+0.5 LSB 15MHz (67ns -55 to 125 18 Ld SBDIP D18.3 
+0.5 LSB 10MHz (100ns) -55 to 125 18 Ld SBDIP D18.3 


) 
+0.5 LSB 15MHz (67ns) -55 to 125 20 Ld CLCC J20.B 
+0.5 LSB 10MHz (100ns) -55 to 125 20 Ld CLCC J20.B 


Pinouts 


CA3306 (PDIP, SBDIP) CA3306 (SOIC) CA3306 (CLCC) 
TOP VIEW TOP VIEW 


(MSB) B6 [1 3 (MSB) B6[ 1 


7a] B1 (LSB) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


File Number 3102.1 
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HARRIS CA3318 


Complete Data Sheet available via web, Harris’ 


home page: http://www.semi.harris.com CMOS Video Speed, 
August 1997 or via Harris AnswerFAX, see Section 17 8-Bit, Flash A/D Converter 
Features Description 
* CMOS Low Power with SOS Speed (Typ)........ 150MW = The CA3318 is a CMOS parallel (FLASH) analog-to-digital 
¢ Parallel Conversion Technique converter designed for applications demanding both low 
¢ 15MHz Sampling Rate (Conversion Time)....... 67ns Power consumption and high speed digitization. 


¢ 8-Bit Latched Three-State Output with Overflow Bit The CA3318 operates over a wide full scale input voltage 
range of 4V up to 7.5V with maximum power consumption 


bd Accuracy (Typ) Tete ee Oe ee ae a a ee ae +1 LSB depending upon the clock frequency selected. When 

¢ Single Supply Voltage.................. 4V to 7.5V operated from a 5V supply at a clock frequency of 15MHz, 

* 2Units in Series Allow 9-Bit Output the typical power consumption of the CA3318 is 150mW. 

¢ 2 Units in Parallel Allow 30MHz Sampling Rate The intrinsic high conversion rate makes the CA3318 ideally 
: . suited for digitizing high speed signals. The overflow bit 

Applications makes possible the connection of two or more CA3318s in 

¢ TV Video Digitizing (Industrial/Security/Broadcast) series to increase the resolution of the conversion system. A 


: : series connection of two CA3318s may be used to produce a 
a eee oe eee 9-bit high speed converter. Operation of two CA3318s in 
* Ultrasound Signature Analysis parallel doubles the conversion speed (i.e., increases the 
¢ Transient Signal Analysis sampling rate from 15MHz to 30MHz). 

High Energy Physics Research 


e General-Purpose Hybrid ADCs 


256 paralleled auto balanced voltage comparators measure 
the input voltage with respect to a known reference to 


* Optical Character Recognition produce the parallel bit outputs in the CA3318. w 
‘ Ise Analysis cc 
— / i ae a — 255 comparators are required to quantize all input voltage = 7 
* Moton Signature Analysis levels in this 8-bit converter, and the additional comparator is oC w 
* LP Data Acquisition Systems required for the overflow bit. 
=r 
a ; 06 
Ordering Information © = 
[PART NUMBER LINEARITY (INL, DNL)| SAMPLINGRATE | TEMP.RANGE@C) | PACKAGE | pKGNo. | | |@ 


CA3318CE +1.5LSB 15MHz (67ns) -40 to 85 24 Ld PDIP 
CA3318CM +1.5LSB 15MHz (67ns) -40 to 85 24 Ld SOIC M24.3 
CA3318CD +1.5LSB 15MHz (67ns) -40 to 85 24 Ld SBDIP 


Pinout 


CA3318 
(PDIP, SBDIP, SOIC) 
TOP VIEW 


(LSB) B1 [7] 24] Vaa+ (ANA. SUP.) 
B2 [2] 3/4R 
B3 | 3| VREFt 
B4 [4 21] Vin 


B55) 20} p 
B6 [6 19] PHASE 
B7 18] CLK 
(MSB) Bs [8] 
OVERFLOW [9] 6] Vin 
“4h [io 15] Vrer- 
(DIG. GND) Vgg |11 14] CET 
(DIG. SUP.) Vpp [12! 13] CE2 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 31 03.1 
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Porter H11166 


August 1997 8-Bit, 250 MSPS, Flash A/D Converter 


Features Description 


¢ Differential Linearity Error ........ +0.5LSBorLess The HI1166 is an 8-bit, ultra high speed, flash Analog-to- 
Digital converter IC capable of digitizing analog signals at a 
maximum rate of 250 MSPS. The digital I/O levels of the 
¢ Built-In Integral Linearity Compensation Circuit converter are compatible with ECL 100K/10KH/10K. 


e Integral Linearity Error ........... +0.5 LSB or Less 


Ultra High Speed Operation with Maximum ; 5 
Conversion Rate (Min) 250 MSPS Applications 


Low Input Capacitance 18pF (Typ) e Spectrum Analyzers e Video Digitizing 
e Radar Systems ¢ Communication Systems 


Wide Analog Input Bandwidth 
Foc e Direct RF Down-Conversion ¢ Digital Oscilloscopes 


(Min for Full Scale Input) 
Single Power Supply Ordering Information 


Low Power Consumption ............... 1.4W (Typ) | eee bee lentes exe! 
ce) 
Low Error Rate sic S} 


Capable of Driving 50Q Loads hdc SS LOCA [voeA 
HI1166-EV Evaluation Board 
Evaluation Board Available HINT66-EV al 


Direct Replacement for Sony CXA1166K 


Pinout 


HI1166 
(CLCC) 
TOP VIEW 


Seek “et Sat ent en fete 


SuBagea 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3 579 3 
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HI1166 


Functional Block Diagram 


ie 


ENCODE 
LOGIC 


HIGH SPEED 


A/D CONVERTERS 


yy. 


vv 


ia 
CLOCK 
DRIVER 


HI1166 


Absolute Maximum Ratings Ta = 25°C Thermal Information 

Supply Voltage (AVeg, DVeg) .......... 2. eee eee -7V to +0.5V Thermal Resistance (Typical, Note 2) 8 yaCC/W QyC°C/W 

Analog Input Voltage (Vij)... . 6.2.0 ee eee eee eee -2.7V to +0.5V CLCC Package ............00e eee 38 10 

Reference Input Voltage Maximum Power Dissipation...............000eeeeeeeee 2.1W 
Vat VRB VRM- +s eee reece eee eee -2.7V to +0.5V Maximum Junction Temperature... ....... 200. eee eee eee 175°C 
IVAT “VRB! 01 ec eettteteee ee tn es 2.5V Maximum Storage Temperature Range (Tstq) . . . .-65°C to 150°C 

Digital Input Voltage Maximum Lead Temperature (Soldering, 10s) ............ 300°C 
MINYV, LINV, CLK, CLR wc. cceecdneexnrwes sees -4V to +0.5V 
OEE) a2aG ace wavemectea bees tennutoudes Geceens 2.7V 

Van Pin Input Current (lyvam) ..--- eee eee eee -3mA to +3mA 

Digital Output Current 
(IDO to ID7, IOR, IDO to ID7, IOR) ............. -30mA to OmA 

Temperature Range, Ta (Note 5) ............... -20°C to 100°C 

Operating Conditions (Note 1) 

Supply Voltage MIN TYP MAX Reference Input Voltage MIN TYP MAX 
AVeg, DVEE .. eee eee eee eee ees 5.5V -5.2  -4.95V VAT ccc cece cece cee eeeeeeesenenens 0.1V -2 OV 
AVee-DVEE... 2. cece cece eee ees 0.05V 0 0.05V Wary cance tui Sav dveatanentsesteewes -2.2V -2  -1.8V 
PGND = DGND os600cenene2ees seeaaee -0.05V O 0.05V Analog Input Voltage, Vin oss... sssecscscecsescnas Vrs to Vat 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. Electrical Specifications guaranteed within stated operating conditions. 
2. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications = T, = 25°C, AVeg = DVeg = -5.2V, Vat, Vats = OV, Vrs, Vass = -2V (Note 1) 


Panaweren | _vestconomons [wn | we | wax | ONT 
SYSTEM PERFORMANCE 

En OO 
[ntegrltneariyEnor NL ——~—=*do= esos —SSCSC~*dSCCSC*d;C( | 


Signal to Noise Ratio, SINAD Input = 1kHz, Full Scale Pw Te = 
: RMS Signal fo = 250NIne 
RMS Noise + Distortion Input = 60kHz, Full Scale 37 

fo = 250MHz 

Error Rate Input = 50MHz, Full Scale 10°9 TPS 
Error > 16 LSB, fo = 250MHz (Note 3) 
Input = 62.499MHz, Full Scale 10°8 10°6 TPS 
Error > 16 LSB, fo = 250MHz (Note 3) 

Differential Gain Error, DG NTSC 40 IRE Mod. a ee eee 


ANALOG INPUT 
Analog Input Capacitance, C)y 


Vin - 1V + 0.07Vams 


al 


Analog Input Resistance, Rix 


Input Bias Current, lin Vin =-1V 


i 

ol 
c 

> 


Full Scale Input Bandwidth 
REFERENCE INPUTS 


Reference Resistance, Rrer 


Vin = 2Vp_p MHz 


je) 
: 
: 

Le) 


1 


HI1166 


Electrical Specifications —T, = 25°C, AVeg = DVeg = -5.2V, Var, Vats = OV, Vrs, Vass = -2V (Note 1) (Continued) 


Residual Resistance R1 Note 2 


DIGITAL INPUTS 
Logic H Level, Viy 


Logic L Level, Vi. 
Logic H Current, Ij} 


Logic L Current, Ij Input Connected to -2V 


: 
oO 


P2113 
a 
Input Connected to GND | 
0 
Lcctaticed 


Input Capacitance 


os 
vU 
= 
” 
) 
= 
2 
= 
Q, 
© 
2 
—- 
- 
= 
S 
ak 


e) e) 
a as 
— - 

a wm 
cS = 
oO D 
oO no 
rat) @ 

= 4 

oj2\3 
wD pel 

| ae 
iT iT] 
ol ol 
Oo (=) 
5 5 
—, 

oo oo 
: E 


NOTES: 
1. Electrical Specifications guaranteed within stated operating conditions. 


. See Functional Block Diagram. 


2 
3. TPS: Times Per Sample. 2 
4 ; (Vat - Vap) 
* . . . . RR EF 
5. Ta is specified in still air and without heat sink. To extend temperature range, appropriate heat management techniques must be employed 
(See Figure 2). 


Timing Diagram 


—&I|tsp | <= 
ANALOG IN 
N+2 
CLK ee 
CLK (eee ee 
80% N+1 
DIGITAL OUT BR > 20% 
—=| top |< —~| |= ty 


FIGURE 1. 
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A/D CONVERTERS 


HIGH SPEED 


HI1166 


Typical Performance Curves 


50 


SOCKET AMP: 
173061-5 (WITHOUT HEAT SINK) 


THERMAL RESISTANCE 05, (°C/W) 


AIR FLOW (m/s) 


FIGURE 2. THERMAL RESISTANCE OF THE CONVERTER 
MOUNTED ON A BOARD 


ANALOG INPUT RESISTANCE (kQ) 


INPUT VOLTAGE (V) 


FIGURE 4. Viy PIN INPUT RESISTANCE vs VOLTAGE 
CHARACTERISTICS 


200 


150 


3 
= 
ii 100 
oc 
io 
=) 
3) 
50 
= 

0 

CASE TEMPERATURE (°C) 
FIGURE 6. Viy PIN INPUT CURRENT vs TEMPERATURE 
CHARACTERISTICS 
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25 


rh 
& 
Ww 20 
a 
= 
oO 
& 
< 
E 15 
3 
< 
10 
-2.0 “1.5 -1.0 -0.5 0 
INPUT VOLTAGE (V) 
FIGURE 3. Vin PIN CAPACITANCE vs VOLTAGE 
CHARACTERISTICS 
200 
3 100 
=z 
0 
-2.0 “1.5 -1.0 -0.5 0 
INPUT VOLTAGE (V) 
FIGURE 5. Vix PIN INPUT CURRENT vs VOLTAGE 
CHARACTERISTICS 


RESISTOR STRING CURRENT (mA) 


50 
CASE TEMPERATURE (°C) 


100 150 


FIGURE 7. RESISTOR STRING CURRENT vs TEMPERATURE 
CHARACTERISTICS 


HI1166 


Typical Performance Curves (continued) 


CLK OPEN VOLTAGE (V) 


Fl 


Vor (V) 


HIGH FREQUENCY DISTORTION (dB) 


CASE TEMPERATURE (°C) 


GURE 8. CLK OPEN VOLTAGE vs TEMPERATURE 
CHARACTERISTICS 


HAUTE 
CELLET 
ys 
HEELS 
)* 


5 150 
ae aieeonbe oa 


FIGURE 10. Vo, vs TEMPERATURE CHARACTERISTICS 


-30 


Tl ; 
me 
ani Se SECOND HARMONIC 


0.1 1000 
— nn ine 


FIGURE 12. HARMONIC DISTORTION vs INPUT FREQUENCY 


RESPONSE CHARACTERISTICS 


= 
x= 
2 
CASE TEMPERATURE (°C) 
FIGURE 9. Voy vs TEMPERATURE CHARACTERISTICS 
; i amit THM LT} 
as | TT a 
= ~ 
Fy 40 q 
2 lh 
= 35 i 


MITE LETING LE 
HIE SE 


10 100 
INPUT FREQUENCY (MHz) 


30 


25 


FIGURE 11. SINAD vs INPUT FREQUENCY RESPONSE 


CLK (MHz) 


CHARACTERISTICS 


300 


250 


200 


ERROR RATE = 10-8 TPS 
INPUT FREQUENCY = CLOCK FREQUENCY/4 - 1kHz 
150 F ERROR RATE > 16 LSB 


-25 25 75 125 
AMBIENT TEMPERATURE (°C) 


FIGURE 13. MAXIMUM CONVERSION RATE vs TEMPERATURE 
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CHARACTERISTICS 


A/D CONVERTERS 
HIGH SPEED 


HI1166 


Typical Performance Curves (continued) 


INPUT FREQUENCY = CLOCK FREQUENCY/4 - 1kHz 
ERROR RATE > 16 LSB 


INPUT = 125MHz, FULL SCALE 
CLK = 250MHz, ERROR RATE > 16 LSB 


10°7 
ao -~ 
a 
S 3 - 
E108 = 
r: 2 
= « 
z 9 
Ui 49°9 & 

40°10 

25 30 35 40 45 50 ~ 55 60 65 
CLOCK FREQUENCY (MHz) CLK DUTY CYCLE (%) 
FIGURE 14. ERROR RATE vs CONVERSION RATE FIGURE 15. ERROR RATE vs CLOCK DUTY CYCLE 


HEH 

HL PPSALUELELEEEEEEE 

i CEL RRAAUL T 
TAR 


SUPPLY CURRENT (mA) 


CASE TEMPERATURE (°C) 


FIGURE 16. SUPPLY CURRENT vs TEMPERATURE CHARACTERISTICS 
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Pad Descriptions 


PAD STANDARD 
NUMBER | SYMBOL VOLTAGE LEVEL EQUIVALENT CIRCUIT DESCRIPTION 
LSB and complementary LSB 
output. 


D1 to D6: Data Output. 
D1 to D6: Complementary Data 
Output. 


Polarity selection for LSBs (refer to 
the A/D Output Code Table.) 
Pulled low when left open. 


Polarity selection for MSB (refer to 
the A/D Output Code Table). 
Pulled low when left open. 


CLK Input. 


Complementary CLK Input. 
Pulled down to -1.3V when left 
open. 


A/D CONVERTERS 


HIGH SPEED 


HI1166 


Pad Descriptions (Continued) 


DESCRIPTION 


Analog Reference Voltage (Top) 
(OV Typ). 


Reference Voltage Sense 
(Bottom). 


Analog Reference Voltage 


TO (Bottom). 


COMPARATORS 


49, 50 Vats to Vass 43, 48, 51, Analog Input. 
53, 56, 61 All of the pins must be wired 
externally. 
TO COMP. 
| ea 128 TO 255 
V 


fn DGND1 DGND2 Analog ground. 


Analog supply. Internally connected 
to DVeEg (resistance: 4Q to 6). 


INTERNAL 
ANALOG 


CIRCUIT Digital ground. 


16, 17 DGND2 Digital ground for output drive. 


8, 28 ; Digital supply. Internally connected 
to AVeg (resistance: 4Q to 6Q). 
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TABLE 1. A/D OUTPUT CODE 


pO MINVG,LINVG TH 
SOR | b7 | oF ORT or ft oT OR or to TOR bo 
[ro ooosess00 [0 | sopeeere00 [0 [ onteersers [0 [teen tt 
000°**00 100°****00 Olleceee lt Tifeoeeeli 
000 eeeee(1 100 sees O11 eeeee10 111e¢eee40 


VIN 
(NOTE 1) STEP 


O11 eceeedt 
100 **e00 


111 ecceet] 
000 eeeee (0 


000 eeeee(0 
111 eceee4] 


100 eee0e(0 
O11 ecceedt 


111 eeeee10 
111 eecee4] 


O11 eeeee40 
O11 ecceet] 


100 ¢eeee04 
100°****00 


000 ee eee04 
000 °° ***00 


NOTE: 
1. Vat = Vrts = OV, Vam =-1V or open, Vrp = Vrps = -2V. 


Test Circuits and Waveforms 


FUNC. 
GENERATOR 


HI20201 


ae 


NTSC . -2V 
SIGNAL 
SOURCE 


SWITCH POSITION 
1. MAXIMUM CONVERSION RATE DG/DP MAXIMUM 
2. DG/DP CONVERSION RATE 


FIGURE 17. MAXIMUM CONVERSION RATE TEST CIRCUIT 


+V 
$2 
@-—--=-35 
$1:A<B:ON 
Si $2:A>B:0ON 


V 
A>B 
COMPARATOR 
VIN SloassB8 : 
To TO. 
“oO” AO BO sa | ” 
8 000 «°° (00 
CLK (250MHz) CONTROLLER To 
11100040 


FIGURE 18. INTEGRAL AND DIFFERENTIAL LINEARITY ERROR TEST CIRCUIT 


A/D CONVERTERS 


HIGH SPEED 


HI1166 


Test Circuits and Waveforms (continued) 


60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 


HI1166 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 


FIGURE 19. POWER SUPPLY AND ANALOG INPUT BIAS CURRENT TEST CIRCUIT 


= SJ VU 
AMP CLK 


OSC1 
¢: VARIABLE 


Av 129 
Su bei 4 (LSB) 
VIN 127 N 
126 
1024 125 


ECL SAMPLES 


60MHz 
BUFFER CLK —»>/ | /<— APERTURE JITTER 


Aperture jitter is defined as follows: 
Av 256 
tay = 0/7 = o/( Sx 2nt) 


Where o (unit: LSB) is the deviation of the output codes when the 
input frequency is exactly the same as the clock and is sampled at 
the largest slew rate point. 


FIGURE 20A. FIGURE 20B. APERTURE JITTER TEST METHOD 
FIGURE 20. SAMPLING DELAY AND APERTURE JITTER TEST CIRCUIT 
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@ HAR HI1172 


6-Bit, 20 MSPS, 
August 1997 Video A/D Converter (CMOS) 
Features Description 
© HOR OION 2.442.654 eacd¥d i tan dndivtesnadades 6-Bit Hl1172 is a 6-bit, CMOS A/D converter for video use. The 
* Maximum Sampling Frequency ........... 20 MSPS adoption of a 2-step parallel conversion achieves speeds of 


20 MSPS minimum, 35 MSPS typical. 
e Low Power Consumption at 20 MSPS (Typ) 


(Reference Current Excluded) ............... 40mW 
¢ Built-In Sample and Hold Circuit Ordering Information 


e Three-State TTL Compatible Output 
PART TEMP. 
Power Supply SHCUCMTIH SPEC CSSD EK ES DE STE RANGE (°C) mens | ins | 
e Low Input Capacitance .............0 cee eeeees 
Reference Impedance ..............+.05. 


Applications 


¢ Video Digitizing 
e Wireless Communications 


Pinout 


HI1172 
(PDIP, SOIC) 
TOP VIEW 


A/D CONVERTERS 
HIGH SPEED 


Do [1] 
D; [2 
D2 |3| 
Dg | 4| 
Dy 
Ds [6 
CLK 
DVss | 8. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 41 02.1 
Copyright © Harris Corporation 1997 4-21 


HI1172 


Functional Block Diagram 


REFERENCE VOLTAGE 


LOWER 
COMPARATORS WITH [7 
S/H (3-BIT) 


UPPE 
COMPARATORS WITH 1 
( 


CLOCK GENERATOR 


Typical Application Circuit 


VIN 


(LSB) DO 
D1 
D2 
D3 
D4 
(MSB) D5 


+5V 


+5V 


VrT 


VrB 
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Pin Descriptions 


| NUMBER | SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


1to6 DO to D5 DO (LSB) to D5 (MSB) Output. 
e : : 
- 


DVpp 
DVss 
14 Reference Voltage (Top). 


Reference Voltage (Bottom). 


A/D CONVERTERS 
HIGH SPEED 


Analog Input. 
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Absolute Maximum Ratings Ty, = 25°C 


Supply Voltage (Vpfj) «sce cisvrcasccsvasewecewnsae sewn es 7V 
Reference Voltage (Vat, Vap).-.--- eee eee eee ee eee Vpp to Vss 
Analog Input Voltage (Vigy) «24 2c ce cee vena ween een Vpp to Vss 
Digital Input Voltage (CLK)....02scaccsessuesenacen Vpp to Vss 
Digital Output Voltage (VoH, VoL)... -----e eee eee ee Vpp to Vss 


Operating Conditions 


Supply Voltage Range, AVpp, AVss............- 4.75V to 5.25V 
Reference Voltage, DVpp, DVss 
ss -| CER EETLEL TROLS TCC EO LIT TTT e ee 0.9V to 5V 
Wits ctunsesedentenee ane kondawh weses Sonne es Ges OV to 4.1V 
sh: | Gel;  CRERE ERECT 0.9V to AVpp 
Analog input Vottage (Viti). cc se eos ctatesa as vawes Vrp to Vat 
Clock Pulse Width 
a) SEP eT ETT TTR CTERe eer ETT Tree 25ns (Min) 
TW 6 cree kare ves ne ee nee eon 6 ee Sead ee aes 25ns (Min) 
Temperature Range ...............eeeeeeeeeee -20°C to 75°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) Oya (°C/W) 
BOG PROAOG cs oss ctesewss 654 Rood ene eee ns 120 
PDIP PACKAGG .<nsec ccc sccceeecasenwnnceees 94 

Maximum Junction Temperature (Plastic Package) ........ 150°C 

Maximum Storage Temperature Range ......... -65°C to 150°C 

Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. 6ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications —Vpp = +5V, Vag = 1V, Vat = 2V, Ta = 25°C 


Differential Non-Linearity 


Supply Current 


Reference Pin Current 

Analog Input (-1dB) 

Analog Input Capacitance 
Reference Resistance (Vpt to Vrp) 
Offset Voltage 


Digital Input Voltage 


Digital Input Current 


Digital Output Current 


Output Data Delay 
Differential Gain Error 
Differential Phase Error 


Aperture Jitter 


Sampling Delay 


PARAMETER SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Conversion Speed, fc fc Vin = 1V to 2V 
fin = 1kKHz Ramp 
Integral Non-Linearity Ey fo = 20 MSPS 
Vin = 1V to 2V 
fc = 20 MSPS 
Vin = 1V to 2V 
fo = 20 MSPS 7 
NTSC Ramp Wave Input 
ee ee ee 
a 


With TTL 1 Gate and 10pF Load zm 
NTSC 40 IRE Mod pe | 
Ramp, fc = 14.3 MSPS poe | 


head Leal 
12 mA 


on 
N 
3 
> 


MHz 


no) 
nA 


= 
< 


3 
17 
1 


a 
3 
< 


5 
5 3 


.~S 
oO 


= 
> 


= 
> 


VOH = Vpp = 0.5V 


= 
> 


Vo = 0.4V 


1 


° 
3 


deg 
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Test Circuits 


+V 


$1: ONIFA<B 
; 52: ONIFB>A 


COMPARATOR 


DUT 


\ nn) 
HI1172 

Q Q 

Al BI 


AO BO 


000 e«e00 
TO 
111 ¢*¢e10 


CLK (20MHz) 


FIGURE 1. INTEGRAL NON-LINEARITY ERROR, DIFFERENTIAL NON-LINEARITY, OFFSET VOLTAGE 


2vV 


40 IRE CLK SCOPE 


100-- MODULATION 


fc -1kHz 


1V 
1 1 
_ Mel iz eed ot be 27 LA 
2 ECL D/A 2 
2 


BURST 
IAE _ { 


mune -5.2V 


2.0V ¢ 2.0V ¢ 


1.0V © 1.0V © 


FIGURE 3. DIGITAL OUTPUT CURRENT TEST CIRCUIT 
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A/D CONVERTERS 
HIGH SPEED 


Timing Diagrams 


CLOCK 


ANALOG INPUT 


DATA OUTPUT 


ANALOG INPUT 


EXTERNAL CLOCK 


UPPER COMPARATOR BLOCK 


UPPER DATA 


LOWER REFERENCE VOLTAGE 


LOWER COMPARATOR BLOCK A 


LOWER DATA A 


LOWER COMPARATOR BLOCK B 


LOWER DATA B 


DIGITAL OUTPUT 


HI1172 


FIGURE 4. TIMING CHART 1 


Vi(1) V; (2) V; (3) Vi(4) 


| 


ON DS NB 


cD iD x, a, 


FIGURE 5. TIMING CHART 2 
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Digital Output 


Compatibility between analog input voltage and the digital 
output code is indicated in the chart below. 


INPUT SIGNAL DIGITAL OUTPUT CODE 
VOLTAGE STEP 


'MSB —~s—séiL SB 


Operation (See Block Diagram and Waveform) 


The HI1172 is a 2-step parallel system A/D converter 
featuring a 3-bit upper comparators group and 2 lower com- 
parators groups of 3-bit each. The reference voltage that is 
equal to the voltage between VarVpp/8 is constantly 
applied to the upper 3-bit comparator block. Voltage that cor- 
responded to the upper data is fed through the reference 
supply to the lower data. 


This IC uses an offset cancel type comparator and operates 
synchronously with an external clock. It features the follow- 
ing operating modes which are respectively indicated on the 
timing chart with S, H, C symbols, i.e., input sampling (auto 
zero) mode, input hold mode and comparison mode. 


The operation of respective parts is as indicated in the chart. 
Input voltage Vi (1) is sampled with the falling edge of the 
first clock by means of the upper comparator block and the 
lower comparator A block. 


The upper comparators block finalizes comparison data MD 
(1) with the rising edge of the first clock. simultaneously the 
reference supply generates the lower reference voltage RV 
(1) that corresponded to the upper results. The lower com- 
parator block finalizes comparison data LD (1) with the rising 
edge of the second clock. MD (1) and LD (1) are combined 
and output as Out (1) with the rising edge of the 3rd clock. 
Accordingly there is a 2.5 clock delay from the analog input 
sampling point to the digital data output. 


Notes On Operation 
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Vpp:; Vss - To reduce noise effects, separate the analog 
and digital systems close to the device. For both the digital 
and analog Vpp pins, use a ceramic capacitor of about 
0.14.F set as close as possible to the pin to bypass to the 
respective GNDs. 


Analog Input - Compared with a flash type A/D converter, 
the input capacitance of the analog input is rather small. 
However it is necessary to drive with an amplifier featuring 
sufficient bandwidth and drive capability. When driving 
with an amplifier of low output impedance, parasitic oscil- 
lation may occur. That may be prevented by inserting a 
resistance of about 100Q in series between the amplifier 
output and A/D input. 


Clock Input - The clock line wiring should be as short as 
possible. Also, to avoid any interference with other signals, 
separate it from the other circuits. 


Reference Input - Voltage between Vprrt to Vrp is compat- 
ible with the dynamic range of the analog input. By 
bypassing V_t and Vprp pins to GND with a capacitor of 
about 0.1uF, stable characteristics are obtained. 


Timing - Analog input is sampled with the falling edge of 
CLK and output as digital data with a delay of 2.5 clocks 
and with the following rising edge. The delay from the 
clock rising edge to the data output is about 18ns. 


About Latch Up - It is necessary that AVpp and DVpp pins 
to be the common source of power supply. This is to avoid 
latch up due to the voltage difference between AVpp and 
DVpp pins when power is ON. 


A/D CONVERTERS 


HIGH SPEED 


FARRIS 


SEMICONDUCTOR 


tH 


August 1997 


Features 
e Resolution ...........000e00. 8-Bit +0.3 LSB (DNL) 
¢ Maximum Sampling Frequency ........... 20 MSPS 


e Low Power Consumption ....60mW (at 20 MSPS Typ) 
(Reference Current Excluded) 


Built-in Sample and Hold Circuit 

Built-in Reference Voltage Self Bias Circuit 
¢ Three-State TTL Compatible Output 

¢ Single +5V Power Supply 


¢ Low Input Capacitance ...............5. 11pF (Typ) 
e Reference Impedance ..............000- 300Q (Typ) 
¢ Evaluation Board Available (HI1175-EV) 

¢ Low Cost 


e Direct Replacement for the Sony CXD1175 


Applications 
¢ Video Digitizing 


¢ Image Scanners 
e Multimedia 


e¢ PC Video Capture 
e TV Set Top Boxes 


e Personal Communication 
Systems (PCS) 


Pinout 


HI1175 


8-Bit, 20 MSPS, Flash A/D Converter 


Description 


The HI1175 is an 8-bit, analog-to-digital converter built in a 
1.4m CMOS process. The low power, low differential gain 
and phase, high sampling rate, and single 5V supply make 
the H11175 ideal for video and imaging applications. 


The adoption of a 2-step flash architecture achieves low 
power consumption (60mW) at a maximum conversion 
speed of 20 MSPS (Min), 35 MSPS typical with only a 2.5 
clock cycle data latency. The HI1175 also features digital 
output enable/disable and a built in voltage reference. The 
H1I1175 can be configured to use the internal reference or an 
external reference if higher precision is required. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 
HI1175JCP -40to85 |24Ld PDIP E24.4-S 


H1I1175JCB -40to85 |24LdSOIC |M24.2-S | 
HI1175-EV ee Evaluation Board 


HI1175 (PDIP, SOIC) 
TOP VIEW 


OE 
DVss 

DO (LSB) 
D1 

D2 


D7 (MSB) 
DVpp 


CLK 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 4-28 
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File Number 


HI1175 


Functional Block Diagram 


REFERENCE VOLTAGE 


, LOWER 
COMPARATORS 


ead 
LATCHES ke 


COMPARATORS 

a: WITH S/H (4-BIT) 
(8) UPPER 
C | para 


LATCHES COMPARATORS 


WITH S/H (4-BIT) 


Typical Application Schematic 
HC04 


Y 
© 
~ 


CAIS8A asy  CLOCKIN (0% 


HIGH SPEED 


R11 


A/D CONVERTERS 


R12 
ICL8069 9 D7 (MSB) 
> DG 


» DS 


HI1175 


> DO (LSB) 


ele ele el el i al 


4.7 uF il 
+ : Ceramic Chip Capacitor 0.1,F Y, +5V 
V : Analog GND 
sxen : Digital GND 


NOTE: Itis necessary that AVpp and DVpp pins be driven from the same supply. The gain of analog input signal can be changed by adjusting 
the ratio of R2 to R1. 


HI1175 


Pin Descriptions and Equivalent Circuits 


PIN 
NUMBER SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


1 OE DVpp When OE = Low, Data is valid. 
When OE = High, DO to D7 pins high impedance. 
DVss 


3-10 DO to D7 DO (LSB) to D7 (MSB) Output. 
D1 


Digtal+5V. Digtal+5V. 


DVpp Clock Input. 
DVss 


Shorted with Vaz generates, +2.6V. 


—T : 


Reference Voltage (Top). 


Reference Voltage (Bottom). 


Analog +5V. 


Analog Input. 


Analog GND. 


aie AVss Shorted with Vag generates +0.6V. 
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Absolute Maximum Ratings Thermal Information 
SU VONBUG, VEG ca eckaweusdods de mteeensxcawncn eau 7V Thermal Resistance (Typical, Note 1) 8 ja (°C/W) 
Reference Voltage, Vat, VAB-.--- +--+. ee eee eee ee Vpp to Vss PDIP Package ............ 00 cece eee eee e eee 78 
Analog Input Voltage, Vin....-----+-eee sere eee ee Vpp to Vss COO POGOe nccccsryawsnedodarwlincakede 98 
Digital Input Voltage, CLK...................00 05. Vpp toVss Maximum Junction Temperature .................000. 150°C 
Digital Output Voltage, VoH, VOL-- +--+ +--+ eee e eee Vpp toVss Maximum Storage Temperature Range, Tstg....- -65°C to 150°C 
. sae Maximum Lead Temperature (Soldering 10s)............ 300°C 

Operating Conditions (Note 1) (SOIC - Lead Tips Only) 
Temperature Range, Ta ........... eee eee ee eee -40°C to 85°C 
Supply Voltage 

AVop, Aves, DVpp. DVss .2.<0ccennenens +4.75V to +5.25V 

PERANDSAGIN cic cvescceseceesieen«enaar es OmV to 100mV 
Reference Input Voltage 

Vi: eee eee eee eee ee eee ee ee ee ee eee OV and Above 

OO ice udscceeend bevexdsargeueerennsee 2.8V and Below 
Analog Input Range, Vij ....... Vrs to Vat (1.8Vp-p to 2.8Vp_p) 
Clock Pulse Width 

il) MEER EREC ER ECE ERTLOCCP TET a eee eee 25ns (Min) 

ol ee ee eee eee ee 25ns (Min) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. ®ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications fc = 20 MSPS, Vpp = +5V, Vrp = 0.5V, Var = 2.5V, Ta = 25°C (Note 1) 
PARAMETER TEST CONDITIONS | MIN | TYP | MAX — UNIT 
SYSTEM PERFORMANCE 


Offset Voltage 
Eot 


[magalNortneariric [iow MEPS Vwaoevwzey «dt it es | is | se 
[ierntaNorieary, DNL [c= 20MEPS.vw=cevwezey |__| 0s | os | 138 


Spurious Free Dynamic Range fin = 1MHz 


Signal to Noise Ratio, SINAD fo = 20M#Z, fin = 1MHz 


RMS Signal f¢ = 20MHz, fin = 3.58MHz 


~ RMS Noise + Distortion 
Vin = 0.6V to 2.6V, fix, = 1kKHz Ramp 


Differential Gain Error, DG NTSC 40 IRE Mod Ramp, fc = 14.3 MSPS 
Differential Phase Error, DP 


4 


fo») 


Maximum Conversion Speed, fc 


Minimum Conversion Speed 


Aperture Jitter, ta) 


Ww 
oO 


— 
oO 


Sampling Delay, tps 

Data Latency, t_at 

ANALOG INPUTS 

Analog Input Bandwidth (-1dB), BW 


Vin = 1.5V + 0.07Vpanys 


Analog Input Capacitance, Cjjy 
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Electrical Specifications fc = 20 MSPS, Vpp = +5V, Vrp = 0.5V, Var = 2.5V, Ta = 25°C (Note 1) (Continued) 


[_raraweren | ___Testcowommons___| ww | wwe | wax | unit 
REFERENCENPUT——SSSCSCSCS~SCSCSCSCSC“*~“‘“s*‘“s*‘“*sSSSSSSS 


REFERENCE INPUT 


[Reference Pin Curent Incr nanan A Oe A 


Reference Resistance (Vat to VaR), 
RREF 


INTERNAL VOLTAGE REFERENCE 
Self Bias Mode 1 
VRB 


Self Bias Mode 2, Vat Vap = AGND, Short Vat and Vars cereus fl 


Short Vag and Vags, Short Vat and Vats 


DIGITAL INPUTS 
Digital Input Voltage 


Digital Output Current 
lOZH 


TIMING CHARACTERISTICS 


[oupudee deen -.SSSS—S—S—SSSSS I 


POWER SUPPLY CHARACTERISTIC 


Supply Current, Ipp fc = 20 MSPS, NTSC Ramp Wave input pos [12 | 17 | ma | 


NOTE: 
2. Electrical specifications guaranteed only under the stated operating conditions. 


Timing Diagrams 


CLOCK 


ANALOG INPUT 


DATA OUTPUT 


' 
tp = 18ns 


©: POINT FOR ANALOG SIGNAL SAMPLING 
FIGURE 1. 
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Timing Diagrams 


Vi (1) V, (2) Vi (3) Vi (4) 
ANALOG INPUT 


LOWER REFERENCE voLTAGE OK AVI) OK nv) DK v2) OK rv) 


LOWER DATA A LD (-1) LD (1) 


Lowen comparator stocks _ HO) fcc | si | Ha | c@ |] sm] Hm) 
LOWER DATA B LD (-2) LD (0) LD (2) 


FIGURE 2. 
Typical Performance Curves 
20 
Vpp = 5.0V, Vat = 2.5V, Vag = 0.5V. 
Ta = 25°C, Vin = 2Vp.p 
20 
= 
E 
15 z 
E E = 
Qa a ”) 
© 40 & 4 
10 e 
> 
5 & 
4.0 4.5 5.0 §.5 ? 
POWER SUPPLY VOLTAGE (V) SAMPLING RATE (MSPS) 
FIGURE 3. SUPPLY CURRENT vs SUPPLY VOLTAGE FIGURE 4. SUPPLY CURRENT AND POWER vs SAMPLING 


RATE 


A/D CONVERTERS 


HIGH SPEED 


HI1175 


Typical Performance Curves (continued) 


Ta = 25°C, Var = 2.5V, Vag = 0.5V 
Vop = 5.0V, f¢ = 20 MSPS 


DIFFERENTIAL NON-LINEARITY (LSB) 


INPUT FREQUENCY (MHz) 


FIGURE 5. DIFFERENTIAL NON-LINEARITY vs INPUT 
FREQUENCY 


(BITS) 


“0 4 2 3 4 5 6 7 8 9 0 11 
INPUT FREQUENCY (MHz) 


FIGURE 7. HI1175JCP ENOB vs INPUT FREQUENCY 


ENOB (BITS) 


CLOCK FREQUENCY (MHz) 


FIGURE 9. ENOB vs CLOCK FREQUENCY 


(dB) 


o 1 2 3 4 5 6 7 8 9 10 11 
INPUT FREQUENCY (MHz) 


FIGURE 6. HI1175JCP SNR vs INPUT FREQUENCY 


(dB) 


INPUT FREQUENCY (MHz) 
FIGURE 8. HI1175JCP THD vs INPUT FREQUENCY 


INL (LSB) 


0. 
55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


FIGURE 10. INL vs TEMPERATURE 


HI1175 


Typical Performance Curves (continued) 


OUTPUT VOLTAGE 
SUPPLY CURRENT (mA) 


0 
55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) TEMPERATURE (°C) 


FIGURE 11. DIGITAL OUTPUT VOLTAGE vs TEMPERATURE FIGURE 12. SUPPLY CURRENT vs TEMPERATURE 


a S ~ 

3 : to 

z g EW 
Ww OW 
= 
9G 
or 
OQ 
2 


48 
$5 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) TEMPERATURE (°C) 


FIGURE 13. DNL vs TEMPERATURE FIGURE 14. SFDR vs TEMPERATURE 


THD (dB) 
ENOB (BITS) 


55-35-15 CiSSOsCiSsC(iSSSC«iHSC«*CLOSSSs«1285; "55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) TEMPERATURE (°C) 
FIGURE 15. THD vs TEMPERATURE FIGURE 16. ENOB vs TEMPERATURE 
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Typical Performance Curves (continued) 


2.2 
Vat SHORTED TO Vats Vap SHORTED TO Vass 
Vrp = AGND Var SHORTED TO Vars 
2.15 
= 
fd 
> 2.1 
fc 
> 
2.05 
2.0 
TEMPERATURE (°C) TEMPERATURE (°C) 
FIGURE 17. Vay vs TEMPERATURE FIGURE 18. Vat - Vag vs TEMPERATURE 
0.75 
Vrp SHORTED TO Vass 
Vat SHORTED TO Vats 
0.7 
B 
— > 
‘w 0.65 4 
« Qa 
> 
< 
< 
=) 
0.6 
0.55 
TEMPERATURE (°C) TEMPERATURE (°C) 
FIGURE 19. Vag vs TEMPERATURE FIGURE 20. OUTPUT DATA DELAY vs TEMPERATURE 
A/D OUTPUT CODE TABLE 


INPUT SIGNAL DIGITAL OUTPUT CODE 


VOLTAGE 


< 
D 
+ 


< 
D 
oO 


4-36 


HI1175 


Detailed Description 


The HI1175 is a 2-step A/D converter featuring a 4-bit upper 
comparator group and two lower comparator groups of 4 bits 
each. The reference voltage can be obtained from the 
onboard bias generator or be supplied externally. This IC 
uses an offset canceling type comparator that operates syn- 
chronously with an external clock. The operating modes of 
the part are input sampling (S), hold (H), and compare (C). 


The operation of the part is illustrated in Figure 2. A 
reference voltage that is between Vpt-Vrp is constantly 
applied to the upper 4-bit comparator group. V\(1) is sam- 
pled with the falling edge of the first clock by the upper com- 
parator block. The lower block A also samples Vj(1) on the 
same edge. The upper comparator block finalizes compari- 
son data MD(1) with the rising edge of the first clock. Simul- 
taneously the reference supply generates a reference 
voltage RV(1) that corresponds to the upper results and 
applies it to the lower comparator block A. The lower com- 
parator block finalizes comparison data LD(1) with the rising 
edge of the second clock. MD(1) and LD(1) are combined 
and output as OUT(1) with the rising edge of the third clock. 
There is a 2.5 cycle clock delay from the analog input sam- 
pling point to the corresponding digital output data. Notice 
how the lower comparator blocks A and B alternate generat- 
ing the lower data in order to increase the overall A/D sam- 
pling rate. 


Test Circuits 


DUT 
HI1175 


CLK (20MHz) 


A<B A>B 
COMPARATOR 


A8& 


Power, Grounding, and Decoupling 


To reduce noise effects, separate the analog and digital 
grounds. 


In order to avoid latchup at power up, it is necessary that 
AVpp and DVpp be driven from the same supply. 


Bypass both the digital and analog Vpp pins to their respec- 
tive grounds with a ceramic 0.1,.F capacitor close to the pin. 


Analog Input 


The input capacitance is small when compared with other 
flash type A/D converters. However, it is necessary to drive 
the input with an amplifier with sufficient bandwidth and drive 
capability. In order to prevent parasitic oscillation, it may be 
necessary to insert a low value (i.e., 0.24Q) resistor between 
the output of the amplifier and the A/D input. 


Reference Input 


The range of the A/D is set by the voltage between Vprr7 and 
Vrs. The internal bias generator will set Vats to 2.6V and 
Vrs to 0.6V. These can be used as the part reference by 
shorting Vat and Vr_ts and Vprp to Vapgs. The analog input 
range of the A/D will now be from 0.6V to 2.6V and is 
referred to as Self Bias Mode 1. Self Bias Mode 2 is where 
Vrp is connected to AGND and Vpzt is shorted to Vats. The 
analog input range will now be from OV to 2.4V. 


|S1:ONIFA<B 
| $2: ONIFA>B 


111°¢*10 


FIGURE 21. INTEGRAL AND DIFFERENTIAL NON-LINEARITY ERROR AND OFFSET VOLTAGE TEST CIRCUIT 
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Test Circuits (continued) 


2.6V ERROR RATE 


fo -1kHz 
1 1 
~ VIN] DUT 8 ig 8 | 10-Br | 8 
; HI1175 eh. D/A 2 
VECTOR 
40 IRE CLK SCOPE 
100- MODULATION 2.6V 
: DG 


Cc 
620 dc 


| -5.2V 


Ls) 


BURST 


SYNC 
TTL 


> Es 


FIGURE 22. MAXIMUM OPERATIONAL SPEED AND DIFFERENTIAL GAIN AND PHASE ERROR TEST CIRCUIT 


-40 
fc 


SG 
(CW) 


2.6V © 


0.6V © 


FIGURE 23. DIGITAL OUTPUT CURRENT TEST CIRCUIT 


ICL8069 


HA5020 (Single) HI1175 (8-Bit) HSP9501 HI3338 (8-Bit) HA5020 (Single) 
HA5022(Dual) HSP48901 HI1171 (8-Bit) 

HA5024 (Quad) HSP43881 

HA5013 (Triple) HSP43168 


HSP9501: Programmable Data Buffer 

HSP48901: 3 x 3 Image Filter, 30MHz, 8-Bit 

HSP43881: Digital Filter, 30MHz, 1-D and 2-D FIR Filters 
HSP43168: Dual FIR Filter, 10-Bit, 33MHz/45MHz 


CMOS Logic Available in HC, HCT, AC, ACT and FCT. 


HA5013: Triple, 125MHz, loyt = 20mMA 

HA5020: Single, 100MHz, Ioyt = 30mA, Output Enable/Disable 
HA5022: Dual, 125MHz, Ioyt = 20mA, Output Enable/Disable 
HA5024: Quad, 125MHz, Ioyt = 20mA, Output Enable/Disable 


FIGURE 24. 8-BIT SYSTEM COMPONENTS 
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Static Performance Definitions 


Offset, full scale, and gain all use a measured value of the 
internal voltage reference to determine the ideal plus and 
minus full scale values. The results are all displayed in LSBs. 


Offset Error (Eos) 


The first code transition should occur at a level "fp LSB 
above the bottom reference voltage. Offset is defined as the 
deviation of the actual code transition from this point. Note 
that this is adjustable to zero. 


Full Scale Error (Egor) 


The last code transition should occur for a analog input that 
is 1"/o LSBs below full scale. Full scale error is defined as 
the deviation of the actual code transition from this point. 


Differential Linearity Error (DNL) 


DNL is the worst case deviation of a code width from the 
ideal value of 1 LSB. The converter is guaranteed to have no 
missing codes. 


Integral Linearity Error (INL) 


INL is the worst case deviation of a code center from a best 
fit straight line calculated from the measured data. 


Dynamic Performance Definitions 


Fast Fourier Transform (FFT) techniques are used to 
evaluate the dynamic performance of the HI1175. A low dis- 
tortion sine wave is applied to the input, it is sampled, and 
the output is stored in RAM. The data is then transformed 
into the frequency domain with a 1024 point FFT and ana- 
lyzed to evaluate the dynamic performance of the A/D. The 
sine wave input to the part is -0.5dB down from fullscale for 
all these tests. The distortion numbers are quoted in dBc 
(decibels with respect to carrier) and DO NOT include any 
correction factors for normalizing to fullscale. 


Signal-to-Noise Ratio (SNR) 


SNR is the measured RMS signal to RMS noise at a speci- 
fied input and sampling frequency. The noise is the RMS 
sum of all of the spectral components except the fundamen- 
tal and the first five harmonics. 


Signal-to-Noise + Distortion Ratio (SINAD) 


SINAD is the measured RMS signal to RMS sum of all other 
spectral components below the Nyquist frequency excluding 
DC. 


Effective Number Of Bits (ENOB) 


The effective number of bits (ENOB) is derived from the 
SINAD data. ENOB is calculated from: 


ENOB = (SINAD - 1.76 + Voorpr) / 6.02, 


where: Vcoorr = 0.5dB. 


Total Harmonic Distortion 


This is the ratio of the RMS sum of the first 5 harmonic com- 
ponents to the RMS value of the measured input signal. 


2nd and 3rd Harmonic Distortion 


This is the ratio of the RMS value of the 2nd and 3rd 
harmonic component respectively to the RMS value of the 
measured input signal. 


Spurious Free Dynamic Range (SFDR) 


SFDR is the ratio of the fundamental RMS amplitude to the 
RMS amplitude of the next largest spur or spectral compo- 
nent. If the harmonics are buried in the noise floor it is the 
largest peak. 


Full Power Input Bandwidth 


Full power bandwidth is the frequency at which the ampli- 
tude of the digitally reconstructed output has decreased 3dB 
below the amplitude of the input sine wave. The input sine 
wave has a peak-to-peak amplitude equal to the reference 
voltage. The bandwidth given is measured at the specified 
sampling frequency. 


Timing Definitions 


Sampling Delay (tsp) 


Sampling delay is the time delay between the external 
sample command (the falling edge of the clock) and the time 
at which the signal is actually sampled. This delay is due to 
internal clock path propagation delays. 


Aperture Jitter (taj) 


This is the RMS variation in the sampling delay due to 
variation of internal clock path delays. 


Data Latency (t_ar) 


After the analog sample is taken, the data on the bus is 
available after 2.5 cycles of the clock. This is due to the 
architecture of the converter where the data has to ripple 
through the stages. This delay is specified as the data 
latency. After the data latency time, the data representing 
each succeeding sample is output at the following clock 
pulse. The digital data lags the analog input by 2.5 cycles. 


Output Data Delay (tp) 


Output Data Delay is the delay time from when the data is 
valid (rising clock edge) to when it shows up at the output 
bus. This is due to internal delays at the digital output. 
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Hi1176 


August 1997 8-Bit, 20 MSPS, Flash A/D Converter 
Features Description 
¢ Resolution +0.5 LSB (DNL).............00000- 8-Bit The HI1176 is an 8-bit, CMOS analog-to-digital converter for 
* Maximum Sampling Frequency ........... 20 MSPS video use that features a sync clamp function. The adoption 


¢ Low Power Consumption at 20 MSPS (Typ) 


(Reference Current Excluded) ............... 60mW 


e Built-in Sync Clamp Function 


¢ Built-In Monostable Multivibrator for Clamp Pulse 
Generation 


e Built-in Sync Pulse Polarity Selection Function 
e Clamp Pulse Direct Input Possible 

e Built-in Clamp ON/OFF Function 

¢ Built-In Reference Voltage Self Bias Circuit 

e Input CMOS Compatible 

¢ Three-State TTL Compatible Output 

e Single +5V Power Supply 


Low Input Capacitance (Typ) ................ 


Reference Impedance (Typ) ..............05. 
¢ Direct Replacement for the Sony CXD1176 


of a 2-step parallel method realizes low power consumption 
and a maximum conversion speed of 20 MSPS. For higher 
sampling rates, refer to the pin-for-pin compatible HI1179 
data sheet, AnswerFAX document number 3666. 
Applications 

e Video Digitizing 

e Image Scanners 

¢ Low Cost High Speed Data Acquisition Systems 

e Multimedia 


Ordering Information 


PART TEMP. RANGE 
NUMBER (°c) 
HI1176JCQ -40to85 |32LdMQFP |Q32.7x7-S 
HI1176-EV a Evaluation Board 


Pinout 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


Copyright © Harris Corporation 1997 


HI1176 
(MQFP) 
TOP VIEW 


a 


Q. 

Oo 
co) oO 
29 


g 
A 
il 
i 


| (IJ Vrer 


6 
& 
d 
30 


28 27 


(LSB) DO 1 24 Vrs 
D1 2 23 AVss 
D2 3 AVss 
D3 4 VIN 
D4 5 AVop 
D5 6 AVop 
D6 7 Var 
(MSB) D7 8 ‘ Vats 
FUGUE 
JUUUUUUL 
oOo aa | a 
“ggaREes 
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Functional Block Diagram 


LOWER SAMPLING 
COMPARATOR 


LOWER SAMPLING 
COMPARATOR 


UPPER SAMPLING 
ENCODER COMPARATOR Rau I 
(4-BIT) (4-BIT) 
CLOCK GENERATOR 
CLK (12) 


CLE CCP VREF 


HIGH SPEED 


Typical Application Schematic 
WHEN CLAMP IS NOT USED (SELF BIAS USED) 


A/D CONVERTERS 


+5V (DIGITAL) 
HCO4 
CLOCK IN ¢ i> T 0.1,F 
i “RE ELE 
6 15 14 13 12 11 10 .. D7 
+5V (ANALOG) a = a : 
ae Lo 75 06 
a Se 61 To D5 
VIDEO IN ¢ 75Q ——— §5it_ » D4 
OLE = 4|(_T] > D3 
10pF == , i a 31) D2 
L > D1 
OIF cs Sea 2c 
¥. ¥ TT _}| 24 1}/(—T > DO 
25 26 27 28 29 30 31 32 
i tine 
GND (ANALOG) \/ GND (DIGITAL) 
+5V (DIGITAL) 
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Absolute Maximum Ratings Thermal Information 
Supply Voltage, Vobiu.scccvsccccesxcavcvscecceseswssnes 7V___ Thermal Resistance (Typical, Note 1) Oya (CCW) 
Reference Voltage, Vat, Vap --------- Vpp + 0.5V to Vgg - 0.5V MQFP Package .............cecce eee eeeees 122 
Analog Input Voltage, Viy........----. Vpp + 0.5V to Vss-0.5V Maximum Junction Temperature. ............ 00 cece eee 150°C 
Digital Input Voltage, CLK............. Vpp + 0.5V toVgs-0.5V Maximum Storage Temperature Range ......... -65°C to 150°C 
Digital Output Voltage, Voy, VoL------- Vpp + 0.5V to Vss-0.5V Maximum Lead Temperature (Soldering 10s)............. 300°C 
Operating Conditions (Note 1) (Lead Tips Only) 
Temperature Range, Ta ......... ee eee cece eens -40°C to 85°C 
Supply Voltage 

AVop; AVse, DVpp: DVgsg -. es. ccecescces +4.75V to +5.25V 

IDGND-AGINDI «ct 0 2ewes bee sebewd sa dnmesne OmV to 100mV 
Reference Input Voltage 

ViGcccuveenonnenteueaseiweebasntasunawes OV and Above 

VOT cece te Grave ene see Meare eee we woe Be ee 2.8V and Below 
Analog Input Voltage, Viy......... Vrs to Vat (1.8Vp_p to AVpp) 
Clock Pulse Width 

lO <.dcons peteg beens deren bans ecterasarens 25ns (Min) 

ee eee ee er eee ee ee ee eee 25ns (Min) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 6ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications fc = 20 MSPS, Vpp = +5V, Vrp = 0.5V, Vat = 2.5V, Ta = 25°C (Note 1) 


PARAMETER TEST CONDITIONS | MIN | TYP | MAX UNIT 


SYSTEM PERFORMANCE 


Offset Voltage 


Eot 


Eos 
Integral Non-Linearity, INL 
Differential Non-Linearity, DNL fc = 20 MSPS, Vix = 0.5V to 2.5V | = | 03 | 405 | sa | 


DYNAMIC CHARACTERISTICS 


Signal to Noise Ratio, SINAD fg = 20MHZ, fix = 1MHz p= | 48 | = | a8 | 


RMS Signal 
Signal-To -Noise + Distortion Ratio, SINAD | fs = 20MHZz, fin = 3.58MHz 


Aperture Jitter, tay 


Sampling Delay, tps 


ANALOG INPUTS 
Analog Input Capacitance, Ciy Vin = 1.5V + 0.07VamMs poe Pat | 
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Electrical Specifications —f¢ = 20 MSPS, Vpp = +5V, Vrp = 0.5V, Var = 2.5V, Ta = 25°C (Note 1) (Continued) 


PARAMETER TEST CONDITIONS | min | TYP | MAX | UNIT 


REFERENCE INPUT 


INTERNAL VOLTAGE REFERENCES 


Self Bias 
VRB Short Vag and Vags, Short Vaz and Vats 


DIGITAL INPUTS 


Digital Input Voltage 


Digital Output Current 


lOZH 


TIMING CHARACTERISTICS 


POWER SUPPLY CHARACTERISTIC 


Supply Current, Ipp fo = 20 MSPS, NTSC Ramp Wave Input p= fore | te | oma | 


CLAMP CHARACTERISTICS 
farce [= | = [© | ow 
ES 


NOTE: 
1. Electrical specifications guaranteed only under the stated operating conditions. 


Clamp Offset Voltage, Egc 
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HIGH SPEED 


Timing Diagrams 


CLOCK 


ANALOG INPUT 


DATA OUTPUT 


ANALOG INPUT 


EXTERNAL CLOCK 


UPPER COMPARATOR BLOCK 


UPPER DATA 


LOWER REFERENCE VOLTAGE 


LOWER COMPARATOR BLOCK A 


LOWER DATA A 


LOWER COMPARATOR BLOCK B 


LOWER DATA B 


DIGITAL OUTPUT 


HI1176 


FIGURE 1. 


vi(1) Vi(2) Vi(3) Vi(4) 


| 


no [eo[s@] va [oo 


= 
~_ 
p- 
— 


CD > a > 


FIGURE 2. 
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Typical Performance Curves 


100 
Vpp = 5.0V, Vat = 2.5V, Vag = 0.5V 
Ta = 25°C, Vin = 2Vp.p 

20 


15 


Ipp (mA) 
Ipp (mA) 


10 


ui 
oS 
POWER DISSIPATION (mW) 


ee eee 
a oe 
a ee 
ai ee 
ae ae 
a ae 
= | 
ae cane 
a ca 
i ewe 
ae see 
ae eae 
ee ee 
a ae 
i aes 


4.0 4.5 5.0 5.5 
POWER SUPPLY VOLTAGE (V) SAMPLING RATE (MSPS) 


FIGURE 3. SUPPLY CURRENT vs SUPPLY VOLTAGE FIGURE 4. SUPPLY CURRENT AND POWER vs SAMPLING 
RATE 


35 


Ta = 25°C, Var = 2.5V, Vag = 0.5V 
Vop = 5.0V, fs = 20 MSPS 


DIFFERENTIAL NON-LINEARITY (LSB) 


HIGH SPEED 


A/D CONVERTERS 


INPUT FREQUENCY (MHz) 
FIGURE 5. DIFFERENTIAL NON-LINEARITY vs INPUT FREQUENCY 


Pin Descriptions 


PIN 
NUMBER SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


1-8 DO to D7 DO (LSB) to D7 (MSB) Output. 
D1 
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Pin Descriptions (continued) 


PIN | 
NUMBER SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


| Z 


When SEL is low, the falling edge of Pin 14 (sync) 
triggers the monostable. 

When SEL is high, the rising edge of Pin 14 (sync) 
triggers the monostable. 


Trigger pulse input to the monostable multivibrator. 
Trigger polarity can be controlled by Pin 13 (SEL). 


When a clamp pulse is generated by the 
monostable, the pulse width is determined by the 
external R and C. 

When the clamp pulse is directly input, it is input to 
Pin 15 (PW). 


Analog +5V. 


When shorted with Vat, generates approx. +2.6V. 


Reference Voltage (Top). 


Reference Voltage (Bottom). 
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Pin Descriptions (continued) 


PIN 
NUMBER SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


Analog Input. 


fAnalogGround. Ground. 


shorted with Vag, generates approx. +0.5V. 


Ps 7 - 


Clamp Reference Voltage Input. 


” 
27 CCP Integrates the voltage for clamp control. + Q 
e Ww 
ow 
Ww o 
= ” 
8% 
° = 
AVss 


Digital GND. 


When CLE is low, clamp function is activated. 
When CLE is high, clamp function is OFF and only 
the usual A/D converter function is active. 

By connecting CLE pin to DVpp via a several 
hundred Q resistance, the clamp pulse can be 
tested. 


CLAMP PULSE 


When OE is low, data is valid. 
When OE is high, DO to D7 pins are high 
impedance. 


4-47 


HI1176 


TABLE 1. A/D OUTPUT CODE 


INPUT SIGNAL 
VOLTAGE 


Detailed Description 


The HI1176 is a 2-step A/D converter featuring a 4-bit upper 
comparator group and two lower comparator groups of 4 bits 
each. The reference voltage can obtained from the onboard 
bias generator or be supplied externally. This IC uses an off- 
set canceling type comparator that operates synchronously 
with an external clock. The operating modes of the part are 
input sampling/autozero (S), hold (H), and compare (C). 


The operation of the part is illustrated in Figure 2. A reference 
voltage that is between VptT-Vpp is constantly applied to the 
upper 4-bit comparator group. V;(1) is sampled with the falling 
edge of the first clock by the upper comparator block. The 
lower block A also samples Vj(1) on the same edge. The 
upper comparator block finalizes comparison data MD(1) with 
the rising edge of the first clock. Simultaneously the reference 
supply generates a reference voltage RV(1) that corresponds 
to the upper results and applies it to the lower comparator 
block A. The lower comparator block finalizes comparison 
data LD(1) with the rising edge of the second clock. MD(1) 
and LD(1) are combined and output as OUT(1) with the rising 
edge of the third clock. There is a 2.5 cycle clock delay from 
the analog input sampling point to the corresponding digital 
output data. Notice how the lower comparator blocks A and B 
alternate generating the lower data in order to increase the 
overall A/D sampling rate. 


Power, Grounding, and Decoupling 


To reduce noise effects, separate the analog and digital 
grounds. 


Bypass both the digital and analog Vpp pins to their respec- 
tive grounds with a ceramic 0.1.F capacitor close to the pin. 


Analog Input 


The input capacitance is small when compared with other 
flash type A/D converters. However, it is necessary to drive 
the input with an amplifier with sufficient bandwidth and drive 
capability. In order to prevent parasitic oscillation, it may be 
necessary to insert a resistor between the output of the 
amplifier and the A/D input. 


Reference Input 


The range of the A/D is set by the voltage between Vprrz and 
Vag. The internal bias generator will set Vats to 2.5V and 
Vrps to 0.5V. These can be used as the part reference by 
shorting Vat and Vrats and V_ap to Vrgs. The analog input 
range of the A/D will now be from 0.5V to 2.5V. Ifa Vaz below 
+0.5V is used the linearity of the part will be degraded. 


Bypass Vpar and Vpp to analog ground with a 0.1pF 
capacitor. 


Clamp Operation 


The HI1176 provides a clamp option that allows the user to 
clamp a portion of the analog input to a voltage set by the 
Vrer pin. The clamp function is enabled by bringing CLE 
low. An internal monostable multivibrator is provided that can 
be used to generate the clamp pulses. The monostable 
pulse width is determined by the external R and C con- 
nected to the PW pin. The trigger to the monostable is 
applied on the SYNC pin. The edge that triggers the 
monostable is determined by the SEL pin. When SEL is low 
the falling edge will trigger the monostable and when SEL is 
high the rising edge will trigger the monostable. Figure 6 
shows the HI1176 configured for this mode of operation. The 
clamp pulse is latched by the ADC sampling clock. This is 
not necessary to the operation of the clamp function but if 
this is not done then a slight beat might be generated as ver- 
tical sag according to the relation between the sampling fre- 
quency and the clamp frequency. 


The HI1176 can also be configured to operate with an exter- 
nal clamp pulse. In this case a negative going pulse is input 
to the PW pin. Vij, will now be clamped during the low period 
of the clamp pulse to the voltage on the Vpr_r pin. Figure 7 
shows the HI1176 configured for this mode of operation. 


Figure 1 illustrates the operation of HI1176 when the clamp 
function is not used. 
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+5V (DIGITAL) 
HCO4 0.1LF 
CLOCK IN ¢ > Mi 
if L - 
SYNCIN ¢ LATCH Q 
+5V (ANALOG) 8) D7 
0.01,F 2 - 
61 T) D5 
VIDEO IN ¢ 10uF 750 7) D4 
+ 1 OOALF 4 D3 
10pF >= <)| a D2 
& = 
ae 21 D1 
24 vCo DO 
V V 25 26 27 28 29 30 31 32 
+5V (ANALOG) i i i i 4 i 
7Oo00ooa 
0.01,F 
GND (ANALOG) GND (DIGITAL) wo 
cc 
He 
FIGURE 6. PEDESTAL CLAMP IS EXECUTED BY SYNC PULSE (SELF BIAS USED) tr w 
= 7) 
= 
89 
+5V (DIGITAL) ot 
HCO4 . 8 
CLOCKIN ¢ i> T 0.1,F 
CK 7. QVWOOeL 
CLAMP LATCH 
PULSE IN " LEE 
+5V (ANALOG) 8 o D7 
7 D6 
6 > D5 
VIDEO IN ¢ 10uF 750 5 D4 
4 > D3 
“i fis 
10pF >= 3 > D2 
2 > DI 
. i 24 1 > DO 
+5V (ANALOG) i i] I i q ] t j 
7oOooooodg 
0.01pF 
GND (ANALOG) GND (DIGITAL) 


FIGURE 7. CLAMP PULSE IS DIRECTLY INPUT (SELF BIAS USED) 
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Test Circuits 


eQ3— = = 


$1: ONIFA<B 
L si , 82: ONIFA>B 


A<B A>B 
COMPARATOR 


DUT 
AB = BB 
HI1176 
2 é 
Ai Bt 


AO BO 


000 ° + 00 
TO 
1119010 


CLK (20MHz) 


FIGURE 8. INTEGRAL AND DIFFERENTIAL NON-LINEARITY ERROR AND OFFSET VOLTAGE TEST CIRCUIT 


2.6V ERROR RATE 


VECTOR 
40 IRE CLK 
SCOPE 
100 —- MODULATION 2.6V 
BURST DG 
IRE , 620 ie 
-40 0.6V 
SYNC aay 


FIGURE 9. MAXIMUM OPERATIONAL SPEED AND DIFFERENTIAL GAIN AND PHASE ERROR TEST CIRCUIT 


2.6V @ 2.6V ¢ 


0.6V ¢ 0.6V ¢ 


FIGURE 10. DIGITAL OUTPUT CURRENT TEST CIRCUIT 
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Gi FARRIS 


SEMICONDUCTOR 


HI1179 


August 1997 8-Bit, 35 MSPS, Video A/D Converter 
Features Description 
e Resolution 8-Bit.................. +0.5 LSB (DNL) The HI1179 is an 8-bit CMOS analog-to-digital converter for 
¢ ENOB at fy = 1MHz.............0000 eee 7.6 Bits Video use that features a sync clamp function. The adoption 
* Maximum Sampling Frequency ........... 35 MSPS of a 2-step parallel method realizes low power consumption 


and a maximum conversion speed of 35 MSPS, allowing up 
¢ Low Power Consumption 80mW (at 35 MSPS Typ) to 8x over sampling of NTSC and PAL signals. 
(Reference Current Excluded) 


Built-In Input Clamp Function (DC Restore) The HI1179 is available in the Industrial temperature range 


and is supplied in 32 lead Plastic Metric Quad Flatpack 
¢ No Sample/Hold Required (MQFP) package. For lower sampling rates, refer to the 
e Internal Voltage Reference HI1176 data sheet. 

¢ Input CMOS Compatible 


¢ Three-State TTL Compatible Output 


Ordering Information 


© Single Power SUPPY cc ccivcnvaneusveeeenenee +5V PART TEMP. RANGE 
e Low Input Capacitance (Typ) ................. 8pF MVMIBER (Cc) 
e Reference Impedance (Typ) ...............-. 330Q 


HI1179JCQ -40 to 85 32 Ld MQFP Q32.7x7-S 
HI1179-EV Evaluation Board 


Direct Replacement for Sony CXD1179 


Applications 


e Desktop Video 


= 
; s Ww 2 
e Multimedia — Ww 
, rer Oo ww 
e Video Digitizing Ww o. 
¢ Image Scanners = oa 
¢ Low Cost High Speed Data Acquisition Systems oO Oo 
8 as 
Pinout 
HI1179 (MQFP) 
TOP VIEW 
” w” u Ww 
7) wu oO® wom 
ozuRbaS ee 
25 
(LSB) DO 1@ VrB 
D1 2 AVss 
D2 3 AVss 
D3 4 VIN 
D4 5 AVop 
D5 6 AVop 
D6 7 Vat 
(MSB) D7 8 ‘ Vats 
JOUUUUUL 
Oaasrtra a 
z=oaqunn gy ao 
SRO POR 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3666.3 
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Functional Block Diagram 


LOWER SAMPLING 
COMPARATORS 
(4-BIT) 


LOWER SAMPLING 
COMPARATORS 


LATCHES COMPARATORS 


(4-BIT) 


CLOCK GENERATOR 


Typical Application Schematic 


74ACO4 +5V (DIGITAL) 


cock in od > vu 
of | Ade 1” 


o D7 
> D6 
> D5 
o D4 
> D3 
o D2 
> D1 
o DO 


+5V (ANALOG) 


HA5020 


a 10pF == 


1kQ Lo 
1kQ 24 
25 26 27 28 29 30 31 32 


| i: dBubt 


GND (ANALOG) YJ GND (DIGITAL) 
+5V (DIGITAL) 


NON-CLAMP APPLICATION (INTERNAL REFERENCE USED) 


VIDEO IN c 


- Ho O fF ODN @ 
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Absolute Maximum Ratings Thermal Information 

SUpry Monee, Vitec nkeddses enue nove nekeueen ees en cess 7V__ Thermal Resistance (Typical, Note 1) 8 yaCC/W 
Reference Voltage, VaT, VRB .---- +--+ 220s eee eee Vpp to Vss MQFP Package.............ccceeeeeeeeeaes 122 
Analog Input Voltage, Vin. .--.-----e eee eee eee ee. Vpp toVss Maximum Junction Temperature (Plastic Package) ........ 150°C 
Digital Input Voltage ............... cece e eee eee Vpp toVss = Maximum Storage Temperature Range, TsTg ... . -65°C to 150°C 
Digital Output Voltage, VoH, VOL: ---- +--+ +e eee Vpp toVss Maximum Lead Temperature (Soldering 10s)............. 300°C 


(MQFP - Lead Tips Only) 
Recommended Operating Conditions (Note 2) 


Supply Voltage Analog Input Voltage, Viy......... Vrp to Vrt (1.8Vp_p to AVpp) 
AVop. A¥ss, DVpp, DVigg.. 2 icc cc ccewcens +4.75V to +5.25V Clock Pulse Width 
IDGND-AGNOL oases cucensseeneneenvesavaed OmV to 100mV We ane dt ht astareiak ce eesd Ged Kade Reed eee 14ns (Min) 
Reference Input Voltage TAGs 2 55 ROSS SDK EDO ey SeR RD hpoResene Sewanee 14ns (Min) 
i PTR ET OPE eee Te TTT Tee CTT TTT ere OV and Above 
[i ee ee ee ee eee ee ee ee eee 2.7V and Below 
Temperate FaNnde, Te wu «e nse cece necnxeeennaes -40°C to 85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 6ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications fc = 35 MSPS, Vpp = +5V, Var = 0.5V, Vat = 2.5V, Ta = 25°C (Note 2) 


[__raraweren ______vesreoworions wm [ve | wax | ow 
Masmamconeren Sree [aesveaniwamerne |» | © | [ws 
Mewmumconersen Sencc__[¥n=05v25V.iu=iorenene [|__| | 08 | nore 
Ineyainoncres.i ___[ig=6NSPEYweoavwesy | v0 | ws [no | wo 
Diowia Nea _[e=SWSPE Vynoavwzsy | 8 | =00 | vos | 50 
feos To 
———— 


Vin = 1.5V + 0.07Vays 
REFERENCE INPUT 
Reference Pin Current, IReF ooh 


Reference Resistance (V_z to Vrp), 
RREF 
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Electrical Specifications fc = 35 MSPS, Vpp = +5V, Vap = 0.5V, Vaz = 2.5V, Ta = 25°C (Note 2) (Continued) 


PARAMETER TEST CONDITIONS | MIN. | TYP | MAX | UNIT 


INTERNAL VOLTAGE REFERENCES 


Self Bias 


VRB Short Vpp to Vags, Short V_)z to Vats 


DIGITAL INPUTS 


Digital Input Voltage 


Digital Output Leakage Current 


lOZH 


TIMING CHARACTERISTICS 


Output Data Delay, tp Load is One TTL Gate and 10pF Load eet merase 


Output Enable/Disable Delay tpZH, tpzL Ri = 1K, Cy = 15pF, 
OE = 5V > 0V 
tpHz, tpLz R, = 1K, Cy = 15pF, 6.5 11 
OE = 0V > 5V 
POWER SUPPLY CHARACTERISTIC 


Ec a 
Clamp Offset Voltage, Eoc Vin = DC, PWS = 3us Vrer=05V | -20 | 0 | +20 | mv | 
CS OD 


NOTE: 
2. Electrical specifications guaranteed only under the stated operating conditions. 
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Timing Diagrams 


CLOCK 


ANALOG INPUT 


DATA OUTPUT 


tp = 13ns 


© : POINT FOR ANALOG SIGNAL SAMPLING 
FIGURE 1. 


Vi (1) Vi (2) Vi (3) Vi(4) 


ANALOG INPUT 


g 
~~ 
2 
~— 


A/D CONVERTERS 
HIGH SPEED 


LOWER REFERENCE voLTAcE OK RVI) Kavi) OK ave) Kav) 


LOWER COMPARATOR BLOCK A Psa | H (1) Pct) | | SQ) | H (3) | C73) | 
LOWER DATA A LD (-1) LD (1) 


Lowen comparator aiocke __H) J co | s@ J n@ | ca] sm] ai 
LOWER DATA B LD (-2) LD (0) LD (2) 


DIGITAL OUTPUT € our’) > OUT (-1) € our) OUT (1) 


FIGURE 2. 
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Timing Diagrams (continued) 


7V (tpzL, tpLz) 


| OE 
OPEN 


(tpzH, tpHz) 


DATA 
OUTPUT 
WAVEFORM 1 
TEST 


POINT 


FROM OUTPUT 
UNDER TEST 


DATA 
OUTPUT 
— WAVEFORM 2 


FIGURE 3A. THREE-STATE LOAD CIRCUIT FIGURE 3B. THREE-STATE OUTPUT ENABLE/DISABLE TIMES 


Typical Performance Curves tc = 35 MSPS, T, = 25°C, Unless Otherwise Specified 


ENOB 
HARMONICS (dBc) 


fin (MHz) fin (MHz) 


FIGURE 4. ENOB vs INPUT FREQUENCY FIGURE 5. HARMONICS vs INPUT FREQUENCY 


ENOB 
THD (dBc) 


CLOCK FREQUENCY (MHz) TEMPERATURE (°C) 


FIGURE 6. ENOB vs CLOCK FREQUENCY FIGURE 7. THD vs TEMPERATURE 
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Typical Performance Curves fo = 35 MSPS, Ta = 25°C, Unless Otherwise Specified (Continued) 


TEMPERATURE (°C) 


FIGURE 8. ENOB vs TEMPERATURE 


\ 


OUTPUT LEVEL (dB) 


fin (MHz) 


FIGURE 10. OUTPUT LEVEL vs INPUT FREQUENCY 


Pin Descriptions 


PIN 
NUMBER SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


| BSS _ 
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SFDR (dBc) 


TEMPERATURE (°C) 


FIGURE 9. SFDR vs TEMPERATURE 


POWER DISSIPATION (mW) 


A/D CONVERTERS 
HIGH SPEED 


CLOCK FREQUENCY (MHz) 


FIGURE 11. POWER DISSIPATION vs CLOCK FREQUENCY 


HI1179 


Pin Descriptions (Continued) 


PIN 
NUMBER SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


BRE: This pin must be left open. Used for test purposes 
only. 


DVpp Clock Input. 
DVss 
11, 13, 14 TEST Pin 11 must be connected to DVpp. Pin 13, and 
Pin 14 must be connected to DVpp or DVss. Used 
for test purposes only. 


Clamp Pulse Input. The input signal voltage is 
DVpp 
DVss 


clamped to Vp_er while the clamp pulse is low. 


Analog +5V. 


When shorted with Vat, generates approximately 
+2.6V. 


Reference Voltage (Top). 


Reference Voltage (Bottom). 
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Pin Descriptions (continued) 


PIN 
NUMBER SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


Analog Input. 


fAnalogGround, fAnalogGround, 


When shorted with Vag, generates approximately 
+0.5V. 


Clamp Reference Voltage Input. 


Integrates the voltage for clamp control. 
CCP and Vjj voltage changes are in phase. 


Digital ground. 


When CLE is low, clamp function is activated. 
When CLE is high, clamp function is OFF and only 
the usual A/D converter function is active. 

By connecting CLE pin to DVpp via a several 
hundred Q resistance, the clamp pulse can be 
tested. 


When OE is low, data is valid. 
When OE is high, DO to D7 pins are high 
impedance. 
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A/D OUTPUT CODE TABLE 


INPUT SIGNAL 
VOLTAGE 


Detailed Description 


The HI1179 is a 2-step A/D converter featuring a 4-bit upper 
comparator group and two lower comparator groups of 4 bits 
each. The reference voltage can be obtained from the 
onboard bias generator or be supplied externally. This IC 
uses an offset canceling type comparator that operates syn- 
chronously with an external clock. The operating modes of 
the part are input sampling/autozero (S), hold (H), and 
compare (C). 


The operation of the part is illustrated in Figure 2. A refer- 
ence voltage that is between VRT-VRB is constantly applied 
to the upper 4-bit comparator group. VI(1) is sampled with 
the falling edge of the first clock by the upper comparator 
block. The lower block A also samples VI(1) on the same 
edge. The upper comparator block finalizes comparison data 
MD(1) with the rising edge of the first clock. Simultaneously 
the reference supply generates a reference voltage RV(1) 
that corresponds to the upper results and applies it to the 
lower comparator block A. The lower comparator block final- 
izes comparison data LD(1) with the rising edge of the sec- 
ond clock. MD(1) and LD(1) are combined and output as 
OUT(1) with the rising edge of the third clock. There is a 2.5 
clock cycle delay from the analog input sampling point to the 
corresponding digital output data. Notice how the lower com- 
parator blocks A and B alternate generating the lower data in 
order to increase the overall A/D sampling rate. 


Power, Grounding, and Decoupling 


Separate analog and digital grounds to reduce noise effects, 
connecting them at a single point near the HI1179. Analog 
and digital power should also be separated for optimum per- 
formance. If a single 5V supply is used, isolate the analog 
and digital power with an inductor or ferrite bead to minimize 
the digital noise on the analog supply. 


Bypass both the digital and analog Vpp pins to their respec- 
tive grounds with a ceramic 0.1.F capacitor close to the pin. 


Analog Input 


The analog input capacitance is small when compared with 
other flash type A/D converters. However, it is necessary to 
drive the input with a low impedance source with sufficient 
bandwidth and drive capability. 


DIGITAL OUTPUT CODE 


Op amps such as the HA-2544, the HA5020 and the 
HFA1100 family should make excellent input amplifiers 
depending on the applications requirements. In order to pre- 
vent parasitic oscillation, it may be necessary to insert a 
resistor between the output of the amplifier and the A/D 
input. 


The input can be AC or DC coupled. If AC coupled the input 
will float to about "fp (Vat + Vrp). The other option is to use 
the internal clamp, which will be discussed later. When DC 
coupling the input be sure to disable the clamp function 
(CLE, pin 29). 


Reference Input 


The HI1179 has an internal reference with the option to use 
an external reference if more accuracy is desired. 


The analog input range of the A/D is set by the voltage 
between Vet and Vprg. The internal reference can be used 
by shorting Vat to Vats and Vrp to Vrgs. The internal 
bias generator will set Vat to about 2.6V and Vpp to about 
0.6V. The analog input range of the A/D will now be from 
0.6V to 2.6V. The internal reference may be subjected to 
power supply variations since the internal reference resistor 
ladder is connected directly to Vpp and Vss. Any supply 
variations can be minimized by good decoupling of Vaz and 
An external reference can be used for increased accuracy, 
by connecting the reference voltage to Vat and Vprp. If an 
external reference is used, Vaz should be keep below 2.8V 
and (V_t - Vrp) should be less than 2.8V and greater than 
1.8V. If a Vap below +0.6V is used the linearity of the part 
may degrade. An ICL8069 reference and a dual op amp, with 
outputs connect to V_aj7 and V_apg, makes a good, low cost 
external reference. 


Bypass Var and Vpp to analog ground with a 0.1pF 
capacitor when using either internal or external references. 


Clamp Operation 


The HI1179 provides a clamp (DC restore) option that allows 
the user to clamp a portion of the analog input to a voltage 
set by the Vr_er pin before the signal is digitized. The clamp 
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function is enabled by tying CLE low. In this case a negative 
going pulse is sent to the CLP pin. Vij will now be clamped 
during the low period of the clamp pulse to the voltage on 
the Vref pin. Figure 15 shows the HI1179 configured for 
this mode of operation.The clamp pulse is latched by the 
ADC sampling clock through an external latch. This is not 
necessary to the operation of the clamp function but in video 
applications, if this is not done, then a slight beat might be 
generated as vertical sag according to the relation between 
the sampling frequency and the clamp frequency. The pulse 
width of the input clamp pulse will depend on the input 


signal. For example, a ius pulse width will allow the user to 
clamp the back porch of an NTSC input signal to the 
reference voltage, Vref. 


The clamp can be disabled by tying CLE high and then the 
HI1179 acts like a normal A/D converter, accepting a DC 
coupled input. The Typical Application Schematic illustrates 
the operation of HI1179 when the clamp function is not used. 


Additional information on the HI1179 is available in 
Application Note 9407, “Using the HI1176/HI1179 Evaluation 
Board”. 


Test Circuits 


DUT 
H1I1179 


CLK (35MHz) 


COMPARATOR 
A8& 


Al 
AO 


| S1:ONIFA<B 
S2: ONIFA>B 


B8 
4 
BI 
BO 


000 **00 
TO 
111 ¢¢*10 


FIGURE 12. INTEGRAL AND DIFFERENTIAL NON-LINEARITY ERROR AND OFFSET VOLTAGE TEST CIRCUIT 


2.6V 
fc wel \ | 
so sad 
1 


VIN] DUT 8 
HI1179 


40 IRE 
100 +- MODULATION 2.6V 
_ BURST 
0 
-40 0.6V 
SYNC 


El 7 


ERROR RATE 


1 
‘') 8 10-BIT | __S 
ECL D/A 2 
VECTOR 
CLK SCOPE 
see 
620 DP 


TTL 


ECL 


FIGURE 13. MAXIMUM OPERATIONAL SPEED AND DIFFERENTIAL GAIN AND PHASE ERROR TEST CIRCUIT 
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Test Circuits (Continued) 


2.6V c 2.6V © 


0.6V © 0.6V @ 


VoL me 
FIGURE 14A. FIGURE 14B. 
FIGURE 14. DIGITAL OUTPUT CURRENT TEST CIRCUIT 


Typical Application Circuits 


+ 5V (DIGITAL) 
74ACO4 


CLOCK IN ¢ be = 0.1yF 


CK LU Lb 


| 8 > D7 
+5V (ANALOG) 0.01yF a - 
vu 6 e D5 
HA5020 
10uF 750 5 > D4 
VIDEO IN ‘ <1 
0.1p.F 
10pF >= 3 > D2 
bo 2 > D1 
1k 0.01LF 
1k 24 1 > DO 
V 8 29 30 31 32 
+5V (ANALOG) i 3 i i i i i 
AOoooooo 
20K VREF 
0.01yF 
GND (ANALOG) GND (DIGITAL) 


FIGURE 15. INPUT CLAMP APPLICATION (INTERNAL REFERENCE USED) 


4-62 


HI1179 


Typical Application Circuits (Continued) 


ICL8069 


DSP/uP 


HA5020 (Single) HI1179 (8-Bit) HSP9501 HI1171 (8-Bit) HA5020 (Single) 
HA5022 (Dual) HSP48410 CA3338 (8-Bit) HA2842 (Single) 
HA5024 (Quad) HSP48908 HFA1115 (Single) 
HA5013 (Triple) HSP48901 HFA1212 (Dual) 
HFA1105 (Single) HSP48212 HFA1412 (Quad) 
HFA1205 (Dual) HSP43881 

HFA1405 (Quad) HSP43168 


HSP9501: Programmable Data Buffer 


HSP48410: Histogrammer/Accumulating Buffer, 10-Bit Pixel Resolution, 4K x 4K Frame Size 


HSP48908: 2-D Convolver, 3 x 3 Kernal Convolution, 8-Bit 
HSP48901: 3 x 3 Image Filter, 30MHz, 8-Bit 

HSP48212: Video Mixer 

HSP43881: Digital Filter, 30MHz, 1-D and 2-D FIR Filters 
HSP43168: Dual FIR Filter, 10-Bit, 33MHz/45MHz 


CMOS Logic Available in HC, HCT, AC, ACT and FCT. 


FIGURE 16. 8-BIT VIDEO COMPONENTS 


Static Performance Definitions 


Offset, full-scale, and gain all use a measured value of the 
internal voltage reference to determine the ideal plus and 
minus full-scale values. The results are all displayed in 
LSBs. 


Offset Error (VOS) 


The first code transition should occur at a level "fp LSB 
above the negative full-scale. Offset is defined as the devia- 
tion of the actual code transition from this point. Note that 
this is adjustable to zero. 


Full-Scale Error (FSE) 


The last code transition should occur for a analog input that 
is 1/5 LSBs below positive full scale. Full-scale error is 
defined as the deviation of the actual code transition from 
this point. 


Differential Linearity Error (DNL) 


DNL is the worst case deviation of a code width from the 
ideal value of 1 LSB. The converter is guaranteed to have no 
missing codes. 


Integral Linearity Error (INL) 


INL is the worst case deviation of a code center from a best 
fit straight line calculated from the measured data. 


Dynamic Performance Definitions 


Fast Fourier Transform (FFT) techniques are used to 
evaluate the dynamic performance of the HI1179. A low dis- 
tortion sine wave is applied to the input, it is sampled, and 
the output is stored in RAM. The data is then transformed 
into the frequency domain with a 1024 point FFT and ana- 
lyzed to evaluate the dynamic performance of the A/D. The 
sine wave input to the part is -0.5dB down from full scale for 
all these tests. The distortion numbers are quoted in dBc 
(decibels with respect to carrier) and DO NOT include any 
correction factors for normalizing to full scale. 


Signal-to-Noise Ratio (SNR) 


SNR is the measured RMS signal to RMS noise at a 
specified input and sampling frequency. The noise is the 
RMS sum of all of the spectral components except the 
fundamental and the first five harmonics. 


Signal-to-Noise + Distortion Ratio (SINAD) 


SINAD is the measured RMS signal to RMS sum of all other 
spectral components below the Nyquist frequency excluding 
DC. 


Effective Number Of Bits (ENOB) 


The effective number of bits (ENOB) is derived from the 
SINAD data. ENOB is calculated from: 


ENOB = (SINAD - 1.76 + Vegrp) / 6.02, 


where: Vcoorr = 0.5dB. 
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Total Harmonic Distortion 


This is the ratio of the RMS sum of the first 5 harmonic 
components to the RMS value of the measured input signal. 


2nd and 3rd Harmonic Distortion 


This is the ratio of the RMS value of the 2nd and 3rd 
harmonic component respectively to the RMS value of the 
measured input signal. 


Spurious Free Dynamic Range (SFDR) 


SFDR is the ratio of the fundamental RMS amplitude to the 
RMS amplitude of the next largest spur or spectral compo- 
nent. If the harmonics are buried in the noise floor it is the 
largest peak. 


Full Power Input Bandwidth 


Full power bandwidth is the frequency at which the ampli- 
tude of the digitally reconstructed output has decreased 3dB 
below the amplitude of the input sine wave. The input sine 
wave has a peak-to-peak amplitude equal to the reference 
voltage. The bandwidth given is measured at the specified 
sampling frequency. 


Timing Definitions 


Sampling Delay (tsp) 


Sampling delay is the time delay between the external 
sample command (the falling edge of the clock) and the time 
at which the signal is actually sampled. This delay is due to 
internal clock path propagation delays. 


Aperture Jitter (tay) 


This is the RMS variation in the sampling delay due to 
variation of internal clock path delays. 


Data Latency (t,t) 


After the analog sample is taken, the data on the bus is 
available after 2.5 cycles of the clock. This is due to the 
architecture of the converter where the data has to ripple 
through the stages. This delay is specified as the data 
latency. After the data latency time, the data representing 
each succeeding sample is output at the following clock 
pulse. The digital data lags the analog input by 2.5 cycles. 


Output Data Delay (tp) 


Output Data Delay is the delay time from when the data is 
valid (rising clock edge) to when it shows up at the output 
bus. This is due to internal delays at the digital output. 
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8-Bit, 500 MSPS, Flash A/D Converter 


aD 


August 1997 


Features Description 
¢ Differential Linearity Error ............... +0.5 LSB The HI1276 is an 8-bit, ultra-high-speed, flash Analog-to- 
¢ Integral Linearity Error ...............005 +0.7 LSB __ Digital converter IC capable of digitizing analog signals at a 


Built-in Integral Linearity Compensation Circuit 


Ultra High Speed Operation with Maximum 
Conversion Rate (Min)..............000.. 


maximum rate of 500 MSPS. The digital I/O levels of this A/D 
converter are compatible with ECL 100K/10KH/10K. 


The HI1276 is available in the Industrial temperature range 
and is supplied in a 68 lead ceramic LCC package. 


e Low Input Capacitance (Typ) .............005. 20pF 
¢ Wide Analog Input Bandwidth Ordering Information 
(Min for Full Scale Input).................. 300MHz 
P r PART TEMP. RANGE 
Single Power Supply ...........0ceeeeeeuees 5.2V Pe i ee 
¢ Low Power Consumption (Typ) .............+: 2.8W 


Low Error Rate 
Capable of Driving 50Q Loads 
Direct Replacement for Sony CXA1276K 


Applications 


Radar Systems 
Communication Systems 
Digital Oscilloscopes 
Direct RF Down-Conversion 


Pinout 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 
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HIGH SPEED 


HI1276 


Functional Block Diagram 
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Absolute Maximum Ratings Ta, = 25°C Thermal Information 

supply Votiage (AVec, DVGE) 2 cick ec canveccaeanws -7V to+0.5V Thermal Resistance (Typical) ByaCCIWW By °C/W 

Analog Input Voltage (Vij). ... 0... eee eee eee eee -2.7 to +0.5V CLCC Package ...............08. 18 4 

Reference Input Voltage Maximum Junction Temperature. ..............00 000. 175°C 
VAT: VRB) VRM «+e eee reece eee eee eee eee ees AVeg to+0.5V Maximum Storage Temperature Range (Tstq) . . . .-65°C to 150°C 
IVRT-VRBI. we cece eee eee ence eee e eens 2.5V Maximum Lead Temperature (Soldering 10s)............ 300°C 

Digital Input Voltage 
RO LY sc coeeenes bowen seueciewssmne saeken -4V to +0.5V 
CLK, CUM, ocsdesaseskenacdswcadenaeeaawes DVerg to +0.5V 
(CLI -OLP pticdcsuncanda aos onendheea sex ones antaas 2.7V 

Vrm Pin Input Current (lyay) .....-- eee ee eee -3mA to +3mA 

Digital Output Current 
(IDO to ID7, IOR, IDO to ID7, IOR) ............. -30mA to OMA 

Operating Conditions (Note 1) 

Supply Voltage MIN TYP MAX Reference Input Voltage MIN TYP MAX 
PV OV ee onsns eosesinwereduxee es -5.5V -5.2V -4.95V ViRT 66 6nd owes ews oceans e-naname -0.1V  -2 0.1V 
PVece~DVGE. cs ccvsaveceweinnanwnns -0.05V OV 0.05V - | eee eee ee eee eT eee Tee Te -2.2V -2 -1.8V 
AGA = DEAD sassvecnteedenennsens -0.05V OV 0.05V = Analog Input Voltage, Viy.............. VrB : VAT 

Temperature Range (Note 5) 

Wildside sana dwevsaiseeeysasaesneee -20°C = =- ~=—- 100°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Ty, = 25°C, AVeg¢ = DVeg = -5.2V, Vat, Vats = OV, Vap, Vaps = -2V (Note 1) 


[PARAMETER | _TESTCONDITIONS | MIN | TYP | MAX | UNITS 


SYSTEM PERFORMANCE 
Resolution 


Integral Linearity Error, INL 
Differential Linearity Error, DNL 
DYNAMIC CHARACTERISTICS 


fo = 500 MSPS 
fo = 500 MSPS 


+0.3 +0.5 LSB 


A/D CONVERTERS 


Signal to Noise and Distortion Ratio, SINAD | Input = 1kHz, Full Scale 
- RMS Signal ig 600 Mars 
~ RMS Noise + Distortion Input = 100MHz, Full Scale 


fo = 500 MSPS 


Input = 100MHz, Full Scale 
Error > 16 LSB, fc¢ = 400 MSPS 


Input = 125MHz, Full Scale 
Error > 16 LSB, fo = 500 MSPS 


Differential Gain Error, DG NTSC 40 IRE Mod. 
Differential Phase Error, DP Ramp, fc = 500 MSPS 
Overrange Recovery Time 


Error Rate 10°11 10°9 TPS 


(Note 3) 


TPS 
(Note 3) 


= ray 
3 3] 2 3 


Degree 


ak 
oO 


—_ 
. 


164) 


Maximum Conversion Rate, fc 


Aperture Jitter, tay Input = 150MHz 


Sampling Delay, tps 
ANALOG INPUT 
Analog Input Capacitance, Cijy 


Vin = 1V + 0.07Vanus 


| 
oO 


Analog Input Resistance, Rij 
Input Bias Current, lin 

Full Scale Input Bandwidth 
REFERENCE INPUTS 


[ReferenceResistance, Aner PT tt | tc] 


Vin =-1V 
VIN = 2Vp.p 
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HIGH SPEED 


HI1276 


Electrical Specifications T, = 25°C, AVeg = DVeg = -5.2V, Vat, Vats = OV, Vap, Vass = -2V (Note 1) (Continued) 


R1 


Residual Resistance 


DIGITAL INPUTS 


[togicH Level Vw SCSCidCCCCSC“‘“‘“‘“‘“<C<~rC I SC 
[eogict Lever vn iS 
[tosicH Curent iy | nputComesteato-oev ‘| 0 |- [70 | «a 
[oglu Gurent,n [Input Comectedto-sev [50 | - | 60 | 4a 


Input Capacitance 


1. Electrical Specifications guaranteed within stated operating conditions. 
2. See Functional Block Diagram. 
3. TPS: Times Per Sample. 
4 


2 
(Vat ~ Vrp) 
Pp = leea*AVeetleep® Vee+—R— 


REF 


5. Ta is specified in still air and without heatsink. To extend temperature range, appropriate heat management techniques must be employed 
(See Figure 2). 


Timing Diagram 


ANALOG IN = tps 


N+1 N+2 
=<=— towi1 -> 
GLK sau mm mm eunumneneaa es § 
CLK 


Reewaeauae es @& Sau = = «a 


80% 80% N+1 
voruor | XM 
— 


-~| top «+ 


FIGURE 1. 
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Typical Performance Curves 
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FIGURE 2. THERMAL RESISTANCE MOUNTED ON-BOARD FIGURE 3. SUPPLY CURRENT vs TEMPERATURE 
CHARACTERISTICS 
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0.85 3 
; — -16 
= = 
© -09.0 7 
e 5 18 
re) oO 
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FIGURE 4. DO PIN HIGH LEVEL VOLTAGE vs TEMPERATURE FIGURE 5. REGISTER STRING CURRENT vs TEMPERATURE 
CHARACTERISTICS CHARACTERISTICS 
“1.55 -1.30 
-1.60 
-1.32 
S = 
O -1.65 < 
= a 1.34 
3 
re) 
“ -1.70 z 
y # 
rf O -1.36 
a 4.75 = 
5 - 
al mi -1.38 
-1.80 
“1.85 -1.40 
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CASE TEMPERATURE (°C) CASE TEMPERATURE (°C) 
FIGURE 6. DO PIN LEVEL VOLTAGE vs TEMPERATURE FIGURE 7. CLK PIN OPEN VOLTAGE vs TEMPERATURE 
CHARACTERISTICS CHARACTERISTICS 
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Typical Performance Curves (continued) 


aan SH 
Sa 
COME PTT 


SINAD (dB) 


INPUT FREQUENCY (MHz) 
FIGURE 8. SINAD vs INPUT FREQUENCY CHARACTERISTICS 


10% 
INPUT FREQUENCY = CLOCK FREQUENCY/4 + 1kHz 
16 LSB OR MORE ERROR 


1077 


ERROR RATE (TPS) 
= 
& 


10°9 
19710 Pf 
450 500 550 600 
CLK FREQUENCY (MHz) 


FIGURE 10. ERROR RATE vs CONVERSION FREQUENCY 
CHARACTERISTICS 


THIRD HARMONIC |) 
Ay 


Se Hie Pall HARMONIC 


INPUT FREQUENCY (MHz) 


FIGURE 9. HARMONIC DISTORTION vs INPUT FREQUENCY 
CHARACTERISTICS 


TOOT 
TE 
Te 


CLOCK FREQUENCY: 500 MSPS 
INPUT FREQUENCY: 125.001MHz FULL SCALE 
16 LSB OR MORE ERROR 


HARMONICS (dB) 


10° 


10°7 


10°8 


ERROR RATE (TPS) 


10°9 


40°10 
0 50 100 


CLK DUTY CYCLE (%) 


FIGURE 11. ERROR RATE vs CLOCK DUTY CYCLE 
CHARACTERISTICS 


INPUT FREQUENCY = CLOCK FREQUENCY/ 
403 LJ 4 + 1kHz FULL SCALE INPUT 


| | | 
104 N UE CLOCK FREQUENCY 


ws MLL 
i 


ERROR RATE (TPS) 
° 
b 


10° 


40°10 
012345678 12 


16 24 32 
THRESHOLD LEVEL (LSB) 


FIGURE 12. ERROR RATE vs THRESHOLD LEVEL CHARACTERISTICS 
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Pin Descriptions 


15, 16 Vats to Vags 
| 
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TO 
COMPARATORS 


TO COMP. 
0 TO 127 


Polarity Selection for LSBs (refer to 
the A/D Output Code Table.) Pulled 
low when left open. 


Polarity Selection for MSB (refer to 


the A/D Output Code Table). Pulled 
low when left open. 


Analog Reference Voltage (Top) 
(OV Typ). 


Reference Voltage Sense (Top). 


Reference Voltage Sense (Bottom). 


Analog Reference Voltage (Bottom). 


Analog Input. All of the pins must 
be wired externally. 


A/D CONVERTERS 


HIGH SPEED 


HI1276 


Pin Descriptions (continued) 


PIN STANDARD 
NUMBER | SYMBOL VOLTAGE LEVEL EQUIVALENT CIRCUIT DESCRIPTION 


eid iad 
| 46,47_| 08, 05 _| 
[85,56 _| 03,03 | 
| se.so_| 02,02 | 
63,64 | Di,01 | 
[am Pam 


2, oy Fs Oi AVeE -5.2V 
12, 28, 

29, 33, 34 

9, 14, 17, AGND OV 

19, 22, 27 
42, 48, DVeE -5.2V 
57, 62 


eee ____ CLK Input. Pulled 
down to -1.3V when left open. 


MSB and Complementary Msb 
Data Output. 


D1 to D6: Data output 
D1 to D6: Complementary data 


output 


DGND2 


LSB Data Complementary Output 
LSB Data Output. 

Overrange and Complementary 
Overrange Output. 


Analog Supply. Internally connected 
to DVeg (resistance: 4Q to 6). 


Analog Ground. 
Digital Supply. Internally connected 
to AVeg (resistance: 4Q to 6Q). 


INTERNAL TERNAL 
ANALOG DIGITAL 
CIRCUIT CIRCUIT 


4Q TO 6Q 


43, 51, OV Digital Ground. 
44, 53, DGND2 © © 89 o © Digital Ground for Output Drive. 
54,60 | (Note 6) 7) 28) G4) ” 

AVeE 


No-Connect pins. It is recommended 
to wire these pins to AGND. 


4, 10, 11, 
13, 23, 24, 
25, 26, 32 
45 No-Connect pin. It is recommend- 
ed to wire these pins to DGND. 


NOTE: 
6. Vat = Vats = OV, Vax =-1V or open, Vap = Vags = -2V 
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A/D OUTPUT CODE TABLE 


arene 
OV as 000 a 


000 eeeee(0 


000 eeeee01 


O11 eecee 4] 


100 eeeee(90 


1110000010 
111 ecceed] 


HI1276 


100 eeeee(90 
100 eeeee(] 


111eceeed] 
000 eeeee (0 


O11 eeeee10 
O11 eccee tt 


Ollecceed] 
O11 eceeet0 


000 eeeee(0 


11l1leceee {1 


100 eeeee(] 
100 eeeee(0 


11 eceeedt 
111 eeeee10 


100 eeeee(90 
O11 eeceed] 


000 eeeee(] 
000 eeeee(90 


-1V 
-2V 


T00 °°" 00 000°**e 00 


Test Circuits 


FUNCTION 
GENERATOR 


HI20201 


SWITCH POSITION 


1. MAXIMUM CONVERSION RATE DG/DP 
2. DG/DP 


MAXIMUM 
CONVERSION RATE 


FIGURE 13. MAXIMUM CONVERSION RATE AND DIFFERENTIAL GAIN/PHASE ERROR TEST CIRCUIT 


+V 
$2 
—-— -— = 
$1:A<B:0ON 
S$2:A>B:0ON 


fe 


VIN DUT 8 
Hi1276 
ca = 
000 e200 
CLK (250 MSPS) CONTROLLER 8 To 
111ie¢°*10 


FIGURE 14. INTEGRAL AND DIFFERENTIAL LINEARITY ERROR TEST CIRCUIT 
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A/D CONVERTERS 


HIGH SPEED 


HI1276 


Test Circuits (continued) 


-5.2V (A) 'EED 


peated 


60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 


HI1276 


6 
1 
2 
3 
4 
5 
6 
7 
8 
9 


10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 


— 2 ee ee ae 
Sine - 


Osc 
: VARIABLE 
ne LoGic = , 129 ¥_ o(LSB) 
ANALYZER Ni = 
127 i 
126 
1024 125 


ECL SAMPLES 


100MHz BUFFER 
CLK —»/ | /<— APERTURE JITTER 


Aperture jitter is defined as follows: 


Av _ 256 


Where o (unit: LSB) is the deviation of the output codes when the 
input frequency is exactly the same as the clock and is sampled at 
the largest slew rate point. 

FIGURE 16A. FIGURE 16B. APERTURE JITTER TEST METHOD 


FIGURE 16. SAMPLING DELAY AND APERTURE JITTER TEST CIRCUIT 
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SEMICONDUCTOR 


Ga HARRIS 


HI1386 


August 1997 8-Bit, 75 MSPS, Flash A/D Converter 

Features Description 

¢ Differential Linearity Error +0.5 LSB or Less The HI1386 is an 8-bit, high-speed flash analog-to-digital 

¢ Integral Linearity Error +0.5 LSB or Less converter IC capable of digitizing analog signals at a 

© Built-in Int ILi ty C oni Cheat maximum rate of 75 MSPS. The digital I/O levels of this A/D 

ain integra _ineariy COMpensanan SIG converter are compatible with ECL 100K/10KH/10K. 

e High-Speed Operation with Maximum Conversion 

et UE) oxtwavinacnassseen ceeuaeencaene 75msps-_ [he HI1386 is available in the commercial and industrial 


temperature range and is supplied in 28 lead plastic DIP and 


¢ Low Input Capacitance (Typ) .............050.. 17PF 44 lead ceramic LCC packages. 
e Wide Analog Input Bandwidth 

(Min for Full Scale Input).............0.00- 150MHz Ordering Information 
¢ Single Power Supply ...........00seeeeeeees -5.2V 


¢ Low Power Consumption (Typ) ............. 580mW 
e Low Error Rate 

Operable at 50% Clock Duty Cycle 

¢ Capable of Driving 502 Loads 

¢ Direct Replacement for CXA1386 


PART TEMP. 
NUMBER RANGE (°C) 
HI1386JCP 201075 |28LdPDIP |E28.6A-S 
HI1386AIL -20t0100  |44LaCLCC 


Applications 

e Video Digitizing 

¢ RGB Graphics Processing 
¢ HDTV (High Definition TV) 

e Radar Systems 

¢ Communication Systems 
Direct RF Down-Conversion 
Digital Oscilloscopes 


HIGH SPEED 


A/D CONVERTERS 


Pinouts 


HI1386 (PDIP) HI1386 (CLCC) 
TOP VIEW TOP VIEW 


28] AVeE 
(27) Vat 
26] AVee 
25] AGND 
24) Vin 
AGND 
VRM 
21] AGND 
20} Vin 
19] AGND 
18] AVeE 
VRB 


16] CLK 
CLK 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3 583.4 
Copyright © Harris Corporation 1997 4-75 
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Functional Block Diagram 
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Pin Descriptions 


PIN NUMBER STANDARD 
Tor] sce | sven 


19, 21, | 31, 33, 
23,25 | 35, 37 


EQUIVALENT CIRCUIT DESCRIPTION 


Analog GND. Used as GND for 
input buffers and latches of 
comparators. Isolated from DGND, 
DGND1, and DGND2. 


AVeE Analog Veg -5.2V (Typ). Internally 
connected to DVe¢ (Resistance: 
4Q to 6Q). Bypass with 0.1pF to 
AGND. 

CLK CLK Input. 

CLK Input Complementary to CLK. 


When open pulled down to -1.3V. 
Device is operable without CLK 
input, but use of complementary 
inputs of CLK and CLK is 
recommended to obtain stable 
high speed operation. 


Digital GND (used for internal 
circuits and output transistors). 
Digital GND (used for internal 
circuits and output transistors). 
OV Digital GND (used for output 
buffers). 
DVeE -5.2V Digital Veg. Internally connected 
to AVeg (resistance: 4Q to 6). 
Bypass with 0.1uF to DGND 


LSB of Data Outputs. External 
DGND pull-down resistor is required. 
| 5 | 9 | ot | Data Outputs. External pull-down 
resistors are required. 
Eee “ 


DV 
a MSB of Data Outputs. External 
pull-down resistor is required. 


Oo 
| =| = 
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A/D CONVERTERS 


HIGH SPEED 


HI1386 


Pin Descriptions (continued) 


PIN NUMBER STANDARD 
VOLTAGE 
) pie | Lec SYMBOL LEVEL EQUIVALENT CIRCUIT DESCRIPTION 


3 LINV Input Pin for DO (LSB) to D6 
DGND, DGND1 Output Polarity Inversion (see A/D 
Output Code Table). Pulled low 

when left open. 


Input Pin for D7 (MSB) Output 
Polarity Inversion (see A/D Output 
Code Table). Pulled low when left 
open. 


Vat to Vag Analog Input Pins. These two pins 
must be connected externally, 
since they are not internally 
connected. See Application Note 
for precautions. 


Reference Voltage (Bottom). 
Typically -2V. Bypass with a 
0.1p.F and 10pF to AGND. 


Reference Voltage Mid Point. 
Can be used as a pin for integral 
COMPARATOR linearity compensation. 


COMPARATOR 2 Reference Voltage (Top) Typically 
OV. 


* 
COMPARATOR 127 


COMPARATOR 128 


COMPARATOR 129 


COMPARATOR 130 
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Absolute Maximum Ratings Ta = 25°C Thermal Information 
Supply Voltage (AVeg, DVEG) ...... 2... ee eee eee -7V to+0.5V Thermal Resistance (Typical, Note 1) QyaCC/IW By °C/W 
Analog Input Voltage (Vin)... .... eee eee eee eee -2.7V to +0.5V PDIP Package...............000. 58 N/A 
Reference Input Voltage OLOC Package .....2vsisceveasan 45 11 
VAT; Vrs; VRM CHACH ILD HOSE DTS ETSRE REESE DER -2.7V to +0.5V Maximum Junction Temperature 
IVAT -VRBI .. eee eee eee eet teens 25V = OLOC Package «2. os cccunncsavensansevegseesenss 175°C 
Digital Input Voltage PUP Pachede 006 <viececschddeciusduanecds snacces 150°C 
CLK, CLR, MIN LINY oc acac apedeuaes rouse: -4V to +0.5V Maximum Storage Temperature Range (TstG) .. . .-65°C to 150°C 
ISLICGLA) 45 ie te ia enecan oda oye ee ve Ode eee 2.7V_ Maximum Lead Temperature (Soldering 10s)............ 300°C 
Vrm Pin Input Current (lyan) ...--- ee eee ee eee -3mA to +3mA 
Digital Output Current (IDO toID7)............... -30mA to OMA 
Operating Conditions 
Temperature Ranges (Note 4) Analog Input Voltage, Vin). . 6.6 se cccwcesvascanvens Vr to Vat 
PDIP Package (Ta)......... eee ee eee cece eee -20°C to 75°C ~— Pulse Width of Clock 
CLUCG Parkaae Telia vcaxnveantavsrsnsanes -20°C to100°C WU: cnanasceusbadseoabk oeceeaduesseronnes 6.6ns (Min) 
Supply Voltage PAW cAccandedtnanpaehecsaarernseseunas aaees 6.6ns (Min) 
AVeG, OVER bicccnev eons weaeuce ak eee w er awws -5.5V to -4.95V 
Ave? VER iis nkae be eh ee seed oe Rew Oe ws -0.05V to 0.05V 
BGND~DGND 5 ccace evan stiasneeenaeesans -0.05V to 0.05V 
Reference Input Voltage 
VAT (caste a eee ee eew ener es NUR eee Ow EOE -0.1V to 0.1V 
MA ook haw ondeaed CHseeead sredewcneceaee -2.2V to -1.8V 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Ta, = 25°C, AVeg = DVeg = -5.2V, Vaz = OV, Vr = -2V (Note 1) 


PARAMETER TEST CONDITIONS 


SYSTEM PERFORMANCE 


Resolution 
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A/D CONVERTERS 
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fo = 75MHz 


Signal to Noise and Distortion Ratio, SINAD | Input = 1MHz, Full Scale 


____RMS Signal fc = 75MHz 
~ RMS Noise + Distortion input = 18.75MHz, Full Scale 
fo = 75MHz 


Error Rate Input = 18.749MHz, Full Scale 
Error > 16 LSB, fc = 75MHz 


NTSC 40 IRE Mod. Ramp, 
fo = 75 MSPS 


Error Rate of 10°? TPS (Note 2) 


TPS 
(Note 2) 
Yo 


ie ee 


MN 
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REFERENCE INPUTS 
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HIGH SPEED 


HI1386 


Electrical Specifications Ty, = 25°C, AVeg = DV_eg = -5.2V, Vaz = OV, Vag = -2V (Note 1) (Continued) 


[PARAMETER | _TesToonpmons | wn | Te | wax | ONT 


Offset Voltage 
mV 


- 
(2) 
2. 
5 
Ps 
“m9 
< 
® 
= 
x 
: 


ne ar 
[nou Capestarce | 


TIMING CHARACTERISTICS 
H Pulse Width of Clock, tpw 
L Pulse Width of Clock, tpwo 
Output Rise Time, t, 

Output Fall Time, ts 

Output Delay, top 


Ri = 6202 to DVer, 20% to 80% 
Ri = 6202 to DVEF, 20% to 80% 


¢2) 
= 
A) 
2 4 
< 
2) 
c 
o 
4 
m 
m 
, 
> 


Power Consumption, Pp 


NOTES: 
1. Electrical Specifications guaranteed within stated operating conditions. 


2. TPS: Times Per Sample. 
2 
(Var Vrp) 
RReF 
4. Ta specified in still air and without heat sink. To extend temperature range, appropriate heat management techniques must be employed. 


3. Py = lee * Veet 


Timing Diagram 


ANALOG IN 


CLK @e@ea wu awea es @& @eaesese w@ @uunuua 


80% 80% N+1 
amor | XK eK 


“| top |= —~| |= t, | jst 


FIGURE 1. 
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VIN 
(NOTE 1) 


HI1386 


A/D OUTPUT CODE TABLE 


OV 
000 eeees(90 100 eeee2e(0 Oli eeeece {1 111 eceeee 1] 
000 eeeee(} 100 eeeee({ O11 eeees 40 1ljeceeee 
41V O11 cece dt 111 seco] 000 ¢¢+++00 100 #002900 
100 #200200 000 #0200 111eceee4] O11 cece} 
111 e3eeee 10 Oljieceee 1D 100 eeecee({ 000 eeeee (1 
111 e3eeee 1} Ol1leceee{{ 100 eeeee(0 000 ee2eee(0 
-2V 


NOTE: 
5. Vat = OV, Vrp = -2V. 


Test Circuits 


SIGNAL 
SOURCE 
foLk 


—— -tkHz 
2Vp.p SINEWAVE 


SIGNAL 
SOURCE 


foLK 


FIGURE 2. MAXIMUM CONVERSION RATE TEST CIRCUIT 


+V : 
$2 


e-=—= = = 


1st : A<B: ON 
» $1 ;52: A>B : ON 


HI20201 


11111110 


FIGURE 4. INTEGRAL AND DIFFERENTIAL LINEARITY 
ERROR TEST CIRCUIT 


FIGURE 3. DIFFERENTIAL GAIN AND PHASE ERROR TEST 
CIRCUIT 
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A/D CONVERTERS 


HIGH SPEED 


HI1386 


Test Circuits (Continued) 


HI1386JCP 


bs 


gigi 


Sriair 
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FIGURE 5A. FIGURE 5B. 
FIGURE 5. ANALOG INPUT BIAS AND POWER SUPPLY CURRENT TEST CIRCUITS 


Vin - 
osci CLK 
Av 129 6 (LSB 
At t 128 ! ( ) 
VIN 127 i 
126 
1024 125 


SAMPLES 


ECL 


37.5MHz 
BUFFER CLK —»/ | /<— APERTURE JITTER 


Aperture jitter is defined as follows: 
Av 256 
tay = 0/59 = 0/( SP x2nt), 


Where o (unit: LSB) is the deviation of the output codes when the 
input frequency is exactly the same as the clock and is sampled at 
the largest slew rate point. 


FIGURE 6A. FIGURE 6B. APERTURE JITTER TEST METHOD 
FIGURE 6. SAMPLING DELAY AND APERTURE JITTER TEST CIRCUIT 


4-82 


HARRIS HI1396 


August 1997 8-Bit, 125 MSPS, Flash A/D Converter 


Features Description 


* Differential Linearity Error +0.5 LSB (Typ) or Less The HI1396 is an 8-bit, ultra high speed flash analog-to-digital 


¢ Integral Linearity Error +0.5 LSB (Typ) or Less converter IC capable of digitizing analog signals at the maxi- 
¢ Built-in Integral Linearity Compensation Circuit mum rate of 125 MSPS. The digital I/O levels of the converter 


e Ultra High Speed Operation with Maximum are compatible with ECL 100K/19KH/10K. 


Conversion Rate of 125 MSPS (Min) , * 
, Ordering Information 
Low Input Capacitance (Typ) 


Wide Analog Input Bandwidth PART TEMP. RANGE 
(Min for Full Scale Input) NUMBER (°C) 
Single Power Supply ‘ 
HI1396JCJ 42Ld SBDIP | D42. 
Low Power Consumption (Typ) HI1396JCJ | a 
Loar Eeenr Fate HI1396AIL 68LdCLCC | u68.A 


Operable at 50% Clock Duty Cycle 
Capable of Driving 50Q Loads 
Direct Replacement for Sony CXA1396 


Applications 

¢ Video Digitizing ¢ Communication Systems 
¢ HDTV (High Definition TV) ° Radar Systems 

e Direct RF Down-Conversion «¢ Digital Oscilloscopes 


Pinouts 
HI1396 (SBDIP) HI1396 (CLCC) 
TOP VIEW 


A/D CONVERTERS 
HIGH SPEED 


ee ee ee 
=g= 3-8: 
© 


S*® O88 e"OFp@us 


pk pet pork 


RaSasene 


i] 
Tr Le te ae ee ee ee es ee ee ee 


(Pa Pa Paha Sa Sanaa ag 


Rae a ade 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3 576.3 
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HI1396 


Functional Block Diagram 


~-~ -— 
a 


= a 
a re a a a 8 a a 


33 


HI1396 


Absolute Maximum Ratings Ta = 25°C Thermal Information 
Supply Voltage (AVec, DVec) ....2. 02sec cne sen nawe cnwens -7V___ Thermal Resistance (Typical, Note 1) ByaCCW By °C/W 
Analog Input Voltage (Vij). ...... 2. ee eee ee eee -2.7V to +0.5V SBDIP Package................-. 45 7 
Reference Input Voltage GCLOD PACKAGS ..icccicisacceaces 45 8 
VAT, VRB; VRM C8. Sd SESS HCEALREDIEN ROWS EHS -2.7V to +0.5V Maximum Junction Temperature 
A ed: 25V Ceramic Packages. ......... 0.0.0 ccc ee cence ee eees 175°C 
Digital Input Voltage Maximum Storage Temperature Range (Tstg) . . . .-65°C to 150°C 
CLK, CLK, MINV, LINV... 2... - eee eee eee eee -4V to +0.5V Maximum Lead Temperature (Soldering 10s)............ 300°C 
POLL! 560.543 Geed eioeease oadeo ws cee reenenaeeve 2.7V 
Vpn Pin Input Current (lyay) ..---- eee eee eee -38mA to +3mA 
Digital Output Current (IDO toID7)............... -30mA to OMA 
Operating Conditions (Note 1) 
Temperature Ranges (Note 4) Analog Input Voltage, Vin ......-. 2. cece e eee eee Vrs to Vat 
SBDIP Package, Ta occ csecavesancessveeo nes -20°C to 75°C ~— Pulse Width of Clock 
CLOC Package, Tir cusnkvcknvnwnvan erie won -20°C to 100°C OUR ceric e stengacheane newadanaweenarers sya 4.0ns (Min) 
Supply Voltage Ranges WAM caine gees ennGet eee ag dei wa eedataeans 4.0ns (Min) 
PER, UVER ou dso cuacs ee iechas 8e88OG panes -5.5V to -4.95V 
PVee OVER ic cis scccescserssanevecneds ans -0.05V to 0.05V 
AGND=DGND ....00c0ccusessesvanceneees -0.05V to 0.05V 
Reference Input Voltage 
:s:| SRE LEC ERT CEEOL CLT CR ETS TUrTUreT Tere -0.1V to 0.1V 
MEBs 06 cs seu has senses eset cen ROR Ee naN ew RNS -2.2V to -1.8V 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8j,a is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications TT, = 25°C, AVeg = DVeg = -5.2V, Vat = OV, Vrp = -2V (Note 1) 


PARAMETER TEST CONDITIONS | MIN. | TYP | MAX | UNIT 
SYSTEM PERFORMANCE 


ae 

Integral Linearity Error, INL 

Differential Linearity Error, DNL 
Praemociame— igwrsuses || 
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REFERENCE INPUTS 


Reference Resistance, Rrer 


Offset Voltage 


™M 
oO 
_ 
—_ 
oO 
ak: 
oa 
a 
° 


fe 
ae 
DS) 
3 
< 


DIGITAL INPUTS 
Logic H Level, Vip 


1.13 
Logic L Level, Vi, 
Logic H Current, Ij} Input Connected to -0.8V 


Logic L Current, |) Input Connected to -1.6V 


Input Capacitance 
DIGITAL OUTPUTS 


Logic H Level, Von Ry = 50Q to -2V -1.10 
Logic L Level, Vo. R,_ = 50Q to -2V 


- 
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A/D CONVERTERS 


HIGH SPEED 


Hi1396 


Electrical Specifications Ty, = 25°C, AVeg = DVeg = -5.2V, Vat = OV, Vap = -2V (Note 1) (Continued) 


[PARAMETER | __TeSTCONDITIONS | WIN | TYP | wax | UNT | 


TIMING CHARACTERISTICS 


Output Rise Time, t, Ry = 502 to -2V, 20% to 80% 
Output Fall Time, t, R, = 502 to -2V, 20% to 80% 


Output Delay, top 


H Pulse Width of Clock, tpwi eee eee 


3.0 


L Pulse Width of Clock, tpyo 


ad 

(o>) 
ee ee 
©] PM 


N 
on 


Maximum Conversion Rate, fo Error Rate 10°? TPS (Note 2) 1 
Sampling Delay, tps 


on 


Signal to Noise Ratio (SINAD) Input = 1MHz, Full Scale 

- RMS Signal fo = 125 MSPS 

~ RMS Noise + Distortion Input = 31.5MHz, Full Scale 
fo = 125 MSPS 


Error Rate Input = 31.249MHz, Full Scale 
Error > 16 LSB, fo = 125 MSPS 

Differential Gain Error, DG NTSC 40 IRE Mod. 

Differential Phase Error, DP Ramp, fc = 125 MSPS 


POWER SUPPLY CHARACTERISTICS 
Supply Current, lee 


ail 
oO 


0 
© 
a 
= 
© 
© 


-160 
870 


; 
> 


Pa 
2 
© 
re) 
3 

= 


Power Consumption 
NOTES: 
1. Electrical Specifications guaranteed within stated operating conditions. 
2. TPS: Times Per Sample. 
2 
(Vat ~ Vp) 


3. Pry = Ieee Ver + 
D = 'cE° YEE Rese 


4. T, specified in still air and without heat sink. To extend temperature range, appropriate heat management techniques must be employed. 


Timing Diagram 


ANALOG IN 


SBaeaawae ws @ Beau a = ws 


80% 20% N +1 
amon | KKK 
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HI1396 


Pin Descriptions and I/O Pin Equivalent Circuits 


PIN NUMBER STANDARD 
VOLTAGE 
“pr ] too |svmso.| vo | “tever 


7 i 


ra [oom [= [ov _ 
ea [ows | [ov 


EQUIVALENT CIRCUIT 
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DESCRIPTION 


Analog GND. Used as GND for 
input buffers and latches of 
comparators. Isolated from 
DGND1, DGND2. 


Analog Veg -5.2V (Typ). Internally 
connected to DVe¢ (Resistance: 
4Q to 6Q). Bypass with 0.1pF to 
AGND. 


CLK Input. 


Input complementary to CLK. 
When left open pulled down to 
-1.3V. Device is operable without 
CLK input, but use of 
complementary inputs of CLK and 
CLK is recommended to obtain 
stable high speed operation. 


Digital GND for internal circuits. 


Digital GND for output transistors. 


Digital Veg. Internally connected 
to AVeg (resistance: 4Q to 6). 
Bypass with 0.1u.F to DGND 


LSB of data outputs. External 
pull-down resistor is required. 


Data outputs. External pull-down 
resistors are required. 


MSB of data outputs. External 
pull-down resistor is required. 


A/D CONVERTERS 
HIGH SPEED 


HI1396 


Pin Descriptions and I/O Pin Equivalent Circuits (continued) 


SYMBOL - 


PIN | PINNUMBER 


Cats 


STANDARD 
VOLTAGE 
LEVEL 


Vrt to Va 


EQUIVALENT CIRCUIT 
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COMPARATOR 1 


COMPARATOR 2 


COMPARATOR 127 


COMPARATOR 128 


COMPARATOR 129 


COMPARATOR 130 


DESCRIPTION 


Input pin for DO (LSB) to D6 
output polarity inversion (see A/D 
Output Code Table). Pulled low 
when left open. 


Input pin for D7 (MSB) output 
polarity inversion (see A/D 
Output Code Table). Pulled low 
when left open. 


Analog input pins. These two pins 
must be connected externally, 
since they are not internally 
connected. 


Reference voltage (bottom). 
Typically -2V. Bypass with a 0.1F 
and 10uF to AGND. 


Reference voltage mid point. Can 
be used as a pin for integral 
linearity compensation. 

Reference voltage (top) typically 
OV. When a voltage different from 
AGND is applied to this pin, bypass 
with a 0.1p,F and 10uF to AGND. 


HI1396 


Pin Descriptions and I/O Pin Equivalent Circuits (continued) 


PIN NUMBER STANDARD 
VOLTAGE 
) pip | icc | SYMBOL LEVEL EQUIVALENT CIRCUIT DESCRIPTION 


Unused pins. No _ internal 
connections have been made to 
these pins. Connecting them to 


AGND or DGND on PC board is 
recommended. 


A/D OUTPUT CODE TABLE 


A CS 

Lamon |e [oor ee 
wv 

000 20000 100 eeeee(Q0 O11 eccee dt 111 ecceed] 
000 esse 100 seeee(1 O11 eeeee 10 111 eecee 10 


011 eseee4] 
100 eeeee (0 


111 eeceet{ 
000 eeeee(0 


000 *2**00 
111 ecceet{ 


100 eeeee (9 
O11 eeeeet4 


111 0000040 O11 eeeee 10 100 eeeee(1 000 e°%6s01 
111eccced] O11 eecee 14 100 ©2202(0 000 © 02200 


111 ecceed{ O11 eoece di} 100 *e*e200 000 e+e 00 


NOTE: 
5. Vat = OV, Vas = -2V. 


Test Circuits 


A 


ECL LATCH 
> ECL LATCH 


DATA 16 


FIGURE 2. MAXIMUM CONVERSION RATE TEST CIRCUIT 


COMPARATOR 
A>B 


foLK 
=a kHz 
2Vp.p SINEWAVE 


foLK 
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A/D CONVERTERS 


HIGH SPEED 


HI1396 


Test Circuits (continued) 


HI20201 


FIGURE 3. DIFFERENTIAL GAIN AND PHASE ERROR TEST CIRCUIT 


COMPARATOR 


DUT B8 


H11396 


00000000 
CLK (125 MSPS) TO 
11111110 


FIGURE 4. INTEGRAL AND DIFFERENTIAL LINEARITY ERROR TEST CIRCUIT 
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HI1396 


Test Circuits (continued) 


60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 


HI1396AIL 
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3] 
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14) 
Cis 
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FIGURE 5A. FIGURE 5B. 
FIGURE 5. ANALOG INPUT BIAS AND POWER SUPPLY CURRENT TEST CIRCUITS 


A/D CONVERTERS 
HIGH SPEED 


VIN - 
67.5MHz 
on +f SUL W 
Av 129 o (LSB 
At t 128 Y ( ) 
VIN 127 n 
126 


ECL 125 


67.5MHz BUFFER 
CLK te —— APERTURE JITTER 


Aperture jitter is defined as follows: 
= g/A® = {256 
tay = o/7 = o/( 5 x 2nf) 


Where o (unit: LSB) is the deviation of the output codes when the 
input frequency is exactly the same as the clock and is sampled at 
the largest slew rate point. 


FIGURE 6A. FIGURE 6B. APERTURE JITTER TEST METHOD 
FIGURE 6. SAMPLING DELAY AND APERTURE JITTER TEST CIRCUIT 
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HARRIS H/I1826 


aD 


August 1997 6-Bit, 140 MSPS, Flash A/D Converter 

Features Description 

e Ultra-High Speed Operation with Maximum HI1826 is a 6-bit, 140 MSPS, flash A/D converter IC capable 
Conversion Rate. ............ceeeeeeees 140 MSPS _ of digitizing analog signals at the maximum rate of 140 

MSPS. The digital input/output level is compatible with the 

e Low Input Capacitance .......... 0c cece enn neee 7pF ECL 100K/10KH/10K 

e Wide Analog Input Bandwidth (Min) ........ 200MHz . 

¢ Low Power Consumption .............0008. 225mW Ordering Information 


e Low Error Rate 


PART TEMP. 
NUMBER RANGE (°C) 
a 
¢ RGB Graphics Processing 
¢ Digital Data Storage Read Channels 


e Digital Communications 


Pinout 
HI1826 
(MQFP) 
TOP VIEW 
panp1 Cn ier 31 30 29 28 27 26 _* — 
DGND2 |_|_Ji2 23 Vat 
NC L_L_iji3 AGND 
NC L_Lji4 NC 
NC Lids VIN 
NC LL_li6é AGND 
DGND2 Lie_si7 Vrs 
DGND1 LJie_ijis Vrss 
9 
JUUUUUUL 
Baauwzows 
25° #8 
a 
CAUTION: These devices are sensitive to electrostatic discharge. Users shouid follow proper IC Handling Procedures. File Number 41 07.1 
Copyright © Harris Corporation 1997 
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HI1826 


Block Diagram 


VrB Vass VaTs Vat 


COMPARATOR ARRAY 


& ENCODER LOGIC 


DO Di p2 D3 D4 D5 
(LSB) (MSB) 


A/D CONVERTERS 
HIGH SPEED 
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Pin Descriptions 


TYPICAL 
VOLTAGE 
SYMBOL LEVEL 
16, 19, AGND 
22, 25 


: 


HI1826 


EQUIVALENT CIRCUIT 
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DESCRIPTION 


Analog GND. Used as GND for input 
buffers and latches of comparators. 
Separated from DGND1 and DGND2. 


Analog Veg. Typical voltage is -5.2V. 
Connected internally with DVee¢. 
(Resistance is 4 to 62.) Connect to 
AGND through a ceramic chip capacitor 
of 0.1pF or more just near the pin. 


CLK Input. 


CLK Complementary Input. When left 
open, voltage goes to ECL threshold 
potential (-1.3V). Although only CLKP 
input can be used for operation with 
CLKN input open, complementary input 
is recommended in order to attain high 
speed and stable operation. 


Digital GND for Internal Circuits. 
Digital GND for Output Transistors. 


Digital Vege. Connected internally with 
AVee. (Resistance is 4 to 6Q.) Connect 
to DGND through a ceramic chip 
capacitor of 0.14.F or more just near the 
pin. 


LSB of Data Output. External pull-down 
resistor is required. 


Data Output. External pull-down resistors 
are required. 


MSB of Data Output. External pull-down 
resistor is required. 


HI1826 


Pin Descriptions (continued) 


TYPICAL 
VOLTAGE 
SYMBOL LEVEL 


Vat to Vag Analog Input. 
AGND 
AVEE 


aH Reference Voltage (Bottom) Force; 


EQUIVALENT CIRCUIT DESCRIPTION 


Output polarity inversion input for DO 
(LSB) to D5 (MSB). (Refer to the output 
code table.) When left open, Low levels 
maintained. 


typical voltage is -2V. Connect to AGND 
through a ceramic chip capacitor of 


0.1,.F or more and a tantalum capacitor 
of 10u.F or more just near the pin. 


Reference Voltage (Bottom) Sense. 


Reference Voltage (Top) Force; typical 


COMPARATOR 1 


COMPARATOR 2 


voltage is OV. When applying a voltage 
other than AGND to this pin, connect to 
AGND through a ceramic chip capacitor of 
0.1,1F for more and a tantalum capacitor of 
10uF or more just near the pin. 


COMPARATOR 30 


COMPARATOR 31 


Reference Voltage (Top) Sense. 


COMPARATOR 32 


COMPARATOR 33 


COMPARATOR 63 


Not Connected. Although not connected 
in the IC, it is recommended that these 
pins should be connected to AGND or 
DGND on printed circuit board. 


A/D CONVERTERS 
HIGH SPEED 


HI1826 


Absolute Maximum Ratings Ta, = 25°C Thermal Information 

Suppiy Vonage (AVE). .ces caneckas eden taeen dee -7V to0.5V Thermal Resistance (Typical, Note 1) Oya (CCW) 

Reference Voltage (Vat, Vrap)...---- 0 eee eee eee -1.5V to 0.5V MQFP Package ............ cece e cece ence ees 122 
IVRT- VRB Ieee eee ete eee tenet e eee een ees 2.5V Maximum Junction Temperature (Plastic Package) ........ 150°C 

Analog Input Voltage (Vin)... .-- eee eee ee eee -2.7V to0.5V Maximum Storage Temperature Range .......... -65°C to 150°C 

Digital Input Voltage (CLKP, CLKN, INV) ............ -4V to0.5V Maximum Lead Temperature (Soldering 10s)............. 300°C 
| Sor eee ro ke tawd s Xie we t4 Re RSERROR KORE OU HES HE 2.7V (Lead Tips Only) 

Digital Output Current (Ipo to Ips) ............--- -30mA to OMA 


Operating Conditions 


Temperature Range (Ta) ............eeeeeeeees -20°C to 75°C 
Supply Voltage 
Pv, CGE sta cice cus $tbdv dente done awed -5.5V to -4.95V 
AVGG), OVER 5 iss e ctv eseneetuenanncaveoe xe -0.05V to 0.05V 
RENO, DENG ect ntseeceeeeeh eee santeowen -0.05V to 0.05V 
Reference Voltage 
VAT 600 endu es Ges che wade s Cha ORR CO bee KW wd -0.1V to 0.1V 
VOR os cd vavewe ovede0ss 6 Gas eans se heReseowe -2.2V to -1.8V 
Analog Input Voltage (Vin)... 0... ee eee eee eee ee eee Vrs to Vat 
Clock Pulse Width 
A sce bos 0eet 6550090055 4055 HOt a dT e es OOOO RES 3.0ns 
a ee ee ee ee ee ee Ce ee eee ee ee ee 3.0ns 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vpp = +5V, Vag = 1.0V, Vrar = 2.0V, Ta = 25°C 


[raraweren | svwaor_[ _Testcowomions | ww] TWP | wax | UNTTS_ 
a 


DC CHARACTERISTICS 


Differential Linearity Error DL fo = 140MHz 30.25 | za 


ANALOG INPUT 
Analog Input Capacitance Cin Vin =-1V + 0.07Vams 


P 
~ 
_ 
[ee] 
wT 
Tn 


Analog Input Resistance 


Input Bias Current 
REFERENCE INPUT 


Vin =-1V 


= 


Reference Resistance 


RREF 


Offset Voltage Vaptr T 


m 
eel 
3 
< 


ale 
< 


VRB 
DIGITAL INPUT 


Logic High Level H -1.13 


Logic Low Level 


a 
“|: 


Logic High Current Apply -0.8V to Input 


<|< 
s 

Bj 

5 


Logic Low Current hie Apply -1.6V to Input 


Input Capacitance 


Error rate 1E-9 TPS (Note 1) 


= 
a 
= 
= 
3 
g 
< 
ro) 
B 
re} 
3 
a! 
2 
c 
© 
= 
3 
< 
F . 


Aperture Jitter 
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HI1826 


Electrical Specifications Vpp = +5V, Vag = 1.0V, Vat = 2.0V, Ta = 25°C (Continued) 


[PARAMETER [| evweor_| _TeSTGoNDmions [wn | We | wax | Uwe 
a OR 
an Pose wan oGeck | ww [iO 
Low Pasa anetcooe | ewe [ne 
DIGITAL OUTPUT 

[Output Rise Time =| ty | RL = 10002 to -2V, 20% to 80% 
|OutputFallTme Ri = 1002 to -2V, 20% to 80% 


DYNAMIC CHARACTERISTICS 


Analog Input Bandwidth foLK = 140MHz, fix, = 69.999MHz 


ce 

a 

= 

ee es 

aio SOND soincasen I Bil 
all om 

_ 

a 

=. 


-1 


S/N Ratio foLK = 140MHZ, fix = 1MHz 


foLK = 140MH2Z, fjxy = 35MHz 
POWER SUPPLY 


Supply Current | ee | 
Power Consumption a 


Note 1. TPS: Times Per Sample 


36 
-40 


AVeg = DVeg = -5.2V 


Output Code Table 


0 000000 111111 
1 000001 111110 

® * 

6 ° 

* * 
31 011111 100000 
32 100000 011111 
62 111110 000001 
63 111111 000000 


NOTE: Vpat = OV, Vag = -2V 
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A/D CONVERTERS 


HIGH SPEED 


HI1826 


Timing Diagram 


tos 


ANALOG IN 


tpwo 


CLKN s===x2 = 


CLKP 


eemauuunwae @ 


DIGITAL OUT 


—>| topo |j~=— 


Test Circuits 


SIGNAL 
SOURCE 


f 
eek sitiz 
4 


2Vp.p SINE WAVE 


SIGNAL 
SOURCE 


foLk 


N+2 


eeuemexewaxeaes @euauaesen 8 


80% 20% N+1 


FIGURE 1. MAXIMUM CONVERSION RATE MEASUREMENT CIRCUIT 


+V 


S1: ON FOR A<B 
S2: ON FOR A>B 


A<B A>B 
COMPARATOR 


DUT 
HI1826 


000000 
TO 
111110 


CLK (140MHz) 


CONTROLLER 


FIGURE 2. INTEGRAL LINEARITY ERROR MEASUREMENT 
CIRCUIT, DIFFERENTIAL LINEARITY ERROR 
MEASUREMENT CIRCUIT 


7OMHz 


OSC1 


LOGIC 
ANALYZER 


1024 
SAMPLES 


BUFFER 


FIGURE 3. SAMPLING DELAY MEASUREMENT CIRCUIT 
APERTURE JITTER MEASUREMENT CIRCUIT 


HI1826 


lee HI1826 


-5.2V @ (A) 


A/D CONVERTERS 
HIGH SPEED 


FIGURE 4. SUPPLY CURRENT MEASUREMENT CIRCUIT ANALOG INPUT BIAS CURRENT MEASUREMENT CIRCUIT 
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FARRIS 


SEMICONDUCTOR 


tH 


August 1997 


Features 

e Ultra-High Speed Operation with Maximum 
Conversion Rate. ............0cccceuees 140 MSPS 

e Low Input Capacitance ...........cccceeeccees 7pF 

e Wide Analog Input Bandwidth ............. 210MHz 

e Low Power Consumption ..............0.5. 325mW 


e Low Error Rate 
e Excellent Temperature Characteristics 
1:2 Demultiplexed Output (TTL Level) 


Direct Replacement for Sony CXA1866 


Applications 

¢ LCD Panels 

e Magnetic Recording (PRML) 

¢ Communications (QPSK, QAM) 


Pinout 


HI1866 


6-Bit, 140 MSPS, Flash A/D Converter 


Description 


HI1866 is a 6-bit, high-speed, flash A/D converter capable of 
digitizing analog signals at the maximum rate of 140 MSPS. 
The digital input level is compatible with the ECL 
100K/10KH/10K. 


Ordering Information 


PART TEMP. 
NUMBER | RANGE (°C) 


HI1866JCQ -20 to 75 48LdMQFP |Q48.12x12-S 


HI1866 
(MQFP) 
TOP VIEW 


DGND3 CL] 
P2D0 (LSB) CL— 
e201 CIO 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 


DGND3 
P1D5 (MSB) 
P1D4 


P1D3 
P1D2 
P1D1 


P1D0 (LSB) 
DGND3 


DVcc2 
INV 


CCLK 
NCCLK 


4108.1 


File Number 


4-100 


HI1866 


Functional Block Diagram 


Vass VIN Vrats 


LT 


Vat 


(41) Dyce 
INV 
(23) Aver 
CCLK 
NCCLK 20) AGND 
(46) DGND1 
(45) DGND2 
(42) DGND3 
DCLK (48) DVcc2 
NDCLK 


P1D0 (LSB) (&) 


CD: CLOCK DRIVER 
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A/D CONVERTERS 
HIGH SPEED 


HI1866 


Pin Descriptions 


TYPICAL 
VOLTAGE 
SYMBOL LEVEL EQUIVALENT CIRCUIT DESCRIPTION 


Top reference voltage input (= 0). This is 
the top reference voltage supplied to the 
internal resistance chain. The external 
input can be set in accordance with the 

COMPARATOR 1 peak value on the plus side of the input 
analog signal amplitude. 


COMPARATOR 2 VAT sense output. This is the voltage 
sense pin for Vrr. 


COMPARAION 31 Bottom reference voltage input (= -2V). 
This is the bottom reference voltage 
COMPARATOR 32 supplied to the internal resistance 
chain. The external input can be set in 
accordance with the peak value on the 
minus side of the input analog signal 
COMPARATOR 63 amplitude. 


Vrp sense output. This is the voltage 
sense pin for Vag. 


Analog input. The input range is 2Vp_p. 


CCLK inversion clock input. This is an 
ECL level input. When left open, this 
input goes to the ECL threshold potential 
(-1.3V). Only CCLK input can be used for 
operation with the NCCLK input left 
open, but complementary input is 
recommended to attain fast and stable 
operation. 


DCLK clock input. This is the 1:2 DMPX 
latch clock; input a clock of "op frequency 
of CCLK. Data is output from DMPX port 
1 and port 2 synchronously with the 
rising edge of this signal. This is an ECL 
level input. 


DCLK inversion clock input. This is an 
ECL level input. When left open, this 
input goes to the ECL threshold potential 
(-1.3V). Only DCLK input can be used for 
operation with the NDCLK input left 
open, but complementary input is 
recommended to attain fast and stable 
operation. 
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Pin Descriptions (Continued) 


TYPICAL 
VOLTAGE 
LEVEL 


EQUIVALENT CIRCUIT DESCRIPTION 


Digital output polarity inversion input. 
This is an ECL level input. This input 
inverts the polarity of the digital outputs 
P1DO to P1D5, and P2D0 to P2D5. 
(Refer to the Output Code Table.) When 
left open, this signal is maintained at the 
low level. 


These pins are for the 6 bits of digital 
output data for DMPX port 1. P2D5 is the 
MSB, and P2D0 is the LSB. These are 
TTL levels outputs. 


P1D0 TO D5 
P2D0 TO D5 


These pins are for the 6 bits of digital 
output data for DMPX port 2. P2D5 is the 
MSB, and P2D0 is the LSB. These are 
TTL level outputs. 


Lee 
r | ee 


circuit. 


U me) U 

Mr —_ —_ 

io) on i) 
a 


Ground for DVcoc digital circuit. 


Ground for DVcco digital circuit. 


Ground for AVeg analog circuit. Used as 
the ground for the comparator input 
buffers, latches, etc. Separated from 
DGND. 


-5.2V power supply for digital circuit. 
Connected internally with AVeg. 
(Resistance is 4Q to 62.) 


1,8,29, | DGND3 
36, 42 


17,20 | AGND 7 
me 
_ Me 


-5.2V power supply for analog circuit. 
Connected internally with DVeeg. 
(Resistance is 4Q to 62.) 
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DVCC2 +5.0V +5V power supply for TTL level output 
buffers (P1D0 to P2D5). 
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Absolute Maximum Ratings Thermal Information 
Supply Voltage (AVer, DVeg) .... 2... eee eee eee -7V to0.5V Thermal Resistance (Typical, Note 1) Oya (CCW) 
(DV6G) (NGO 2)..scsnccsue ecauvceas 0.5V to 7.0V MQFP Package ..........0ceee cece eee cence 95 
Reference Voltage (VpRT, VRB)... +--+ - +e seers eee -2.7V to0.5V Maximum Junction Temperature... ........ 0.00 e cece 150°C 
(Way Vapi «ccccsuesccnenssnecancns 2.5V Maximum Storage Temperature Range (Tstg) ... -65°C to 150°C 
Analog Input Voltage (Vin)... ---- +. eee eee ee eee -2.7V to0.5V Maximum Lead Temperature (Soldering 10s)............. 300°C 
Digital Input Voltage (DIN) (Note 3) ............... -4.0V to 0.5V (Lead Tips Only) 
(|CCLK-NCCLK |, |DCLK-NDCLK |) ... .2.5V 
Digital Output Current (Ipg to Ipg) ........----- -30mA to +30mA 
Storage Temperature (TsTG) ....... 0. eee eee eee -65°C to 150°C 
Ambient Operating Temperature (Ta)............. -20°C to 75°C 
Allowable Power Dissipation (Pp).................008- 750mW 
Recommended Operating Conditions 
Supply Voltage MIN TYP MAX Reference Input Voltage MIN TYP MAX 
Pee, DVEE <ncessvsscacciucscece'ss -5.5V -5.2V -4.75V UES «tunes chden ear agdersien sates -0.1V OV 0.1V 
MWeE-DVEE... 60. c eee eee cence es -0.05V OV 0.05V Wild uciececdseGudtcntensnanaesess -2.2V -2.0V_ -0.8V 
AGND - DGND (Note 4) ............. -0.05V OV  0.05V_— Analog Input Voltage (Vix) .........-.-- VrB To VAT 
DV (NGG 5)... beac cndwessae sie es vn 4.75V 5.0V 5.25V Digital Input Voltage, DIN (H) ........... -1.1V - - 
Temperature Range (Ta) ............--. -20°C_ 75°C DIN (L) - - -1.5V 
CCLK, NCCLK Frequency (focLK)(MHz).. = - - 140 
DCLK, NDCLK Frequency (fpciK)(MHz).. = - - 70 
CCLK, NCCLK Duty (DccLx)(%) .......- 40 50 60 
DCLK, NDCLK Duty (DpciK)(%) ......-. 40 50 60 


CCLK-DCLK Time Difference (tpcp)(ns).... -tpwL+2 0 tpwH+1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. 8jq is measured with the component mounted on an evaluation PC board in free air. 
- DVcc = DVec1, DVcca. 
. Din = CCLK, NCCLK, DCLK, NDCLK, INV. 
. DGND = DGND1, DGND2, DGNDS3. 
. Refer to Timing Chart 1 for tpwe, tpwu- 


of GW NM 


Electrical Specifications T, = 25°C, AVeg = DVeg = -5.2V, DVcc = 5V, Vat = OV, Vrpp = -2V 


[_raraweren | svweor_[ Testcowomons [| win | TP | WAX | UNTS_ 
ES 
DC CHARACTERISTICS 

[megaltneariveror [te _[ioswowne———S~sSCC*idtC‘“C*idS CY 
[pevrtalteanverr | fx _|ic=twowne———~S—~sCSC*idtCS*dtC | 


a I nO F--"1 

anteed 

ANALOG INPUT 

[anaioginput Resistance | _—Aw-[2vsvmsov «| a0 | | 

[nputBias Curent | tw [avsvnsy |S ST Yt | 
= = 
—- = 


REFERENCE INPUT 


forsetvotase Var +f tor | ——SS—CSCS |] dP 
Cas id Cts POST 


DIGITAL INPUT 


fesetinet Sid CSCO wT 
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Electrical Specifications Ta = 25°C, AVeg = DVeg = -5.2V, DVcc = SV, Vat = OV, Vag = -2V (Continued) 


[__Paraweren | srwpor_[ TesTconpmons | wn | TP | wax | UNIS 
[eget Sid SSCS Cid 
[egeran owned tm (vm SSSC~d ST id | 
[egetowGurent dT Meee SSCSC~sC TP 
[npucapectnce «dE Cd SCS 


SWITCHING CHARACTERISTICS 
Maximum Conversion Frequency fc Error Rate 1E-9 TPS (Note 1) | 140 | - | - | Msps | 


DIGITAL OUTPUT 


tad 
You |lour=-2mA 


moe 
= 
aenzroneew | |e} | 
— 


Z, = 25pF, 0.5V to 2.4V 


VIN = 2Vp.p, 
Peak-to-Peak Value = 3dB Down 


FiNB 


Input Frequency 


S/N Ratio fo = 140MHz, fix = 1MHz 
fo = 140MHz, fix = 35MHz 
fo = 140MHz, fixy = 7OMHz 


POWER SUPPLY 


Supply Current loc DVcc = +5V mA 
lee AVeg = DVeg = -5.2V mA 


Power Consumption 


NOTE: 
1. TPS: Times Per Sample 


Output Code Table 


000000 111111 
000001 111110 


011111 100000 
100000 011111 


111110 000001 
111111 000000 


NOTE: Vprt = OV, Vap = -2V. 
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Timing Diagrams 
‘bs N N+1 N+2 
VIN 7 N-1 abil ~ 
+ 
tr D 
: ty —— tpwH | tpwL 
pom | | -1.1V Va 
cok —wH_+-W-_ TA aN f_\ f_\ f__N f_N f_\ 
\ FoR J as\ / \_/ \_/ \/ \_/ 
— f_\ f_\ f_\ f_\ f_\ f_\ f/_N\ 
\_/ \_/ \_/ \_/ \_/ \_/ \_/ \_/ 

tocp ty ty Dpc.k 

<a << ~<e— 

— f Ses eee ae. f_—\ 
y, 4 
i a Ny, 
f___\ f__\X\ f_\ 
—— \___J \._/ \___/ L___J 
topo 
topo 
| 


P1D0-5 \v,9,9,.4704%)1 xKXX (uz \ XXX / \KXXX / 
OX] sav = # ROR wenn Wn 

1 \LAAS\/ 2 LAVAS LAAS\S/ LAAS\/ 

ras RO ov ROR tI RRR 


FIGURE 1. TIMING CHART 1 
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-1.3V 


-1.3V 


-1.3V 


-1.3V 
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Timing Diagrams (Continued) 


VIN 


CCLK 


DCLK 


VIN 


CCLK 


COMPARATOR 
(MASTER) 


COMPARATOR 
(SLAVE) 


6-BIT LATCH 


CLATCHA 


CLATCHB 


DCLK 


TTLout 
(P2D0 TO D5) 


TTLout 
(P1D0 TO D5) 


COMPARATOR om all 6-BIT LATCH 


P1D0 TO D5 


P2D0 TO D5 


N-1 N N+1 N+2 N+3 N+4 N+5 
\AXKXK/S . VAXXXK/ VAXXKXK/ VAXXXD/ \AXXXK/ VAXXXK/  AUXXXYX/ 
(yyy) XXX) 4446¢6 ood +44 ++¢ +04 
X RIA RINE N+ TARR N + ZR N + SHAR N+ NRX N+ SHAR ‘ 

Vt : 
RX GREY. N XX ye RX x i XX — x RX XX bin. ed m WN XXX 2 s 
9, X A\ > (dp) 
Zr 
nes Sane $5 
: a 


BRK | PRT sR a = WB 
_ | NO 
ek Det «Den ene naX 


peX [weeds M fer te A feed een 


aparece 
pK] Kp Xp |X 


FIGURE 2. TIMING CHART 2 
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Test Circuits 


SIGNAL puT ik COMPARATOR 
SOURCE Hi1s66 F-05235 LATCH 


f 
= -1kHz CoL_k 


2Vp.p SIN WAVE 
SIGNAL 
feLk AMP 
FIGURE 3. MAXIMUM CONVERSION RATE TEST CIRCUIT 


; 


Si Sas 
| S1: NON WHEN A< B 
€] | S2: ON WHEN A>B 


oo 
< 


(P1D0 TO D5) 
6 
Vin A<BA>B P 
DUT : Sw) COMPARATOR 
Hi1866 §= fg AB BG 
(P2D0 TO D5) 
“9” “4” 
000000 
Cork Dek TO 
. 111110 
DVM CONTROLLER 


FIGURE 4. INTEGRAL/DIFFERENTIAL LINEARITY ERROR TEST CIRCUIT 
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Test Circuits (Continued) 


+5.0V -5.2V 
FIGURE 5. CURRENT CONSUMPTION/ANALOG INPUT BIAS TEST CIRCUIT 


A/D CONVERTERS 
HIGH SPEED 


SIGNAL SOURCE 1 
@: VARIABLE 


LOGIC 
ANALYZER 


FREQUENCY 
LOCK 


SIGNAL SOURCE 2 


ECL 
BUFFER 


FIGURE 6. SAMPLING DELAY/APERTURE JITTER TEST CIRCUIT 
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Typical Performance Curves 


CURRENT CONSUMPTION (mA) 


AMBIENT TEMPERATURE (°C) 


FIGURE 7. CURRENT CONSUMPTION vs AMBIENT 
TEMPERATURE 


0.40 


S 0.38 

od 

Lu 

> 

uw 

— 0.36 

5 

: 0.34 

< 

E 

O 

B 0.32 
0.30 

-25 
AMBIENT TEMPERATURE (°C) 
FIGURE 9. Vo, vs AMBIENT TEMPERATURE 
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WW 


INPUT FREQUENCY (MHz) 


CURRENT CONSUMPTION (mA) 


FIGURE 11. EFFECTIVE BIT NUMBER vs INPUT FREQUENCY 


HI1866 


Vee = -5.2, Voc = 5V, lout = -2mMA 


DIGITAL OUTPUT LEVEL (V) 


AMBIENT TEMPERATURE (°C) 


FIGURE 8. Voy vs AMBIENT TEMPERATURE 


ee ll 
ee ll 
ot NNT 
Hope EEN 
\ 
IN 
| 


SNR (dB) 
a 


1 10 100 
INPUT FREQUENCY (MHz) 


CCLK = 140MHz, DCLK = 70MHz 


FIGURE 10. SNR vs INPUT FREQUENCY 


CCLK = 140MHz, DCLK = 70MHz 


ri 


3ND HARMONIC DISTORTION (dB) 4 


2ND, 3RD HARMONIC DISTORTION (dB) 


INPUT FREQUENCY (MHz) 


FIGURE 12. 2ND, 3RD HARMONIC DISTORTION vs INPUT 
FREQUENCY 
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Notes on Operation 


The HI1186 is a high speed A/D converter with ECL level 
logic input and demultiplexed TT level output. Take notice of 
the following to ensure optimum performance from this IC. 


Power Supply and Grounding 


Grounding has aé_ profound influence on _ converter 
performance. The higher the frequency is, the more impor- 
tant the way of grounding becomes. 


The ground pattern should be as large as possible. It is 
recommended to make the power supply and ground 
patterns wider at an inner layer using the multi-layer board. 


To prevent interference between the AGND and DGND pat- 
terns and between the AVeg¢ and DV_g lines, make sure the 
respective patterns are separated. To prevent a DC offset in 
the power supply pattern, connect the AVeg¢ and DV_g lines 
at one point each via a ferrite-bead filter. Shorting analog 
and digital ground patterns in one place immediately under 
the A/D converter improves A/D converter performance. 


Ground the power supply pins (AVee, DVee, DVcc) as 
close to each pin as possible with a 0.1uF or larger ceramic 
chip capacitor. (Connect the AVeg pin to the AGND pattern, 
DVeg to DGND, and DVcc to DGND.) 


Analog Input 


Make the connection between the Vij pin and the analog 
input source as short as possible. 


There is a slight offset voltage at reference voltage pins Var 
and Vrs. If it presents no problem in the application, the 
voltage can be applied directly. However, if the reference 
voltage is to be set precisely, apply it via a feedback circuit 
created, using the Vats and Vrpgs pins. 


Make adequate bypass for high frequency noise at Vay and 
Vrp-. The Vez pin is normally connected to AGND on the 
board. Bypass the Vrp pin to the AGND pattern with a 0.1pF 
or larger ceramic chip capacitor as short as possible. The 
10u.F tantalum capacitor connected to Vrp in the Application 
Circuit is to stop oscillation in the reference voltage 
generation circuit. 


Digital Input 


Noise at the INV pin may cause misoperation of which the 
cause is extremely hard to identify. If it is okay for the set 
voltage level to be low only, leave the pin open. If a high level 
voltage has to be input, bypass the INV pin to DGND with an 
about 0.1,.F ceramic chip capacitor as short as possible. It is 
recommended that high level input voltage is about -0.5V to - 
1.0V, and low level input voltage is about -1.6V to -2.5V. 
When inputting a high level voltage, avoid connecting directly 
to DGND. 


The HI1186 has input pins for two clocks: CCLK and DCLK. 
For CCLK, which is used for the internal comparator, input 
an ECL level clock with up to the maximum conversion fre- 
quency. For DCLK, which is used for the multiplex output, 
input an ECL level clock with a rate half that of CCLK. Take 
notice of the timing between CCLK and DCLK. 


It is recommended that differential signals be input to the 
clock input pins CCLK, NCCLK, DCLK and NDCLK. The A/D 
converter can be driven only by the clock input pins CCLK 
and DCLK, but there is a risk of unstable characteristics at 
maximum speeds. , 


If the NCCLK and NDCLK pins are not used, bypass these 
pins to DGND with an about 0.1pF capacitor. In this time, 
about -1.3V voltage is generated at the NCCLK and NDCLK 
pins. However, this is too weak to be used as threshold voit- 
age Vpp; it can not directly drive even one ECL input load. 


The clock duty cycle is designed for use at 50%. Any 
diversion from this percentage will have a slight effect on the 
maximum performance of the A/D converter, but there is no 
great need for adjustment. 


Digital Output 


P1DO (LSB) to P1D5 (MSB), and P2D0 (LSB) to P2D5 
(MSB) are demultiplex digital outputs (2 systems), and are 
output using the DCLK timing. The polarity of the output data 
can be inverted using the INV signal. 
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Typical Application Circuit 


DGND 
CJ] P1D5 (TTL 
(TTL) P2p0 [=> shia 
(TTL) P21 [> <——] P1D4 (TTL) 
(TTL) P202 C—> J P1D3 (TTL) 
(TTL) P203 (> C—] P1D2 (TTL) 
(TTL) P2D4 (> <—] P1D1 (TTL) 
(TTL) P2ps o—] P1D0 (TTL) 
C—] INV (ECL LEVEL) 


» ONE POINT 
4 SHORTING 


\/ 
10uF AGND 
: : TANTALUM 
-5.2V +5.0V CAPACITOR 


Vats 


VRB -5.2V 


fz °o 3° a 


ECL A 


CAPACITORS, IF NOT SPECIFIED, ANALOG INPUT BUFFER A 
ARE 0.1.F CERAMIC CHIP CAPACITORS. \ 


CLK (ECL LEVEL) 
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aw SA H1I2300 


8-Bit, 18 MSPS, Video A/D Converter 


August 1997 with 3.3V Power Supply Operation 
Features Description 
et 
* Resolution ........-.-.+++eeees 8-Bit+'/2 LSB (DL) The Hi2300 is an 8-bit, CMOS A/D converter for video with 
¢ Maximum Sampling Frequency ........... 18 MSPS_ Synchronizing clamp function and can operate on 3.3V 
power supply. The adoption of 2 step-parallel method 
¢ Low Power Consumption at 18 MSPS (Typ) achieves ultra-low power consumption and a maximum 
(Reference Current Excluded) ............... 18mW conversion speed of 18 MSPS. 


Synchronizing Clamp Function . : 
F 7 i Ordering Information 
Clamp ON/OFF Function 


; it PART TEMP. 
Reference Voltage Self-Bias Circu RANGE (°C) 
input CMOS Compatible 
Three-State TTL Compatible Output 


POWS! SUDO ccicuttevossdaesscandune 


Low Input Capacitance ............esceeeeeees 


Reference Impedance ...............+..: 


Direct Replacement for Sony CXD2300 


Applications os 
a 
e Portable Equipment ~ 7 
Ow 
e Hand-Held Instruments Ww o 
S ” 
8G 
= 
Pinout S 
DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 4103.1 


Copyright © Harris Corporation 1997 
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Functional Block Diagram 


REFERENCE 
SUPPLY 


GENERATOR 


TEST 
(Vpp OR Vss) 


TEST 
(Vpp OR Vgs) 
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Pin Descriptions 


PIN NUMBER SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


ee _ 
ae ; 


Leave open during normal usage. 


Clock Input. 
DVpp 
DVss 


Fix Pin 11 to Vpp, Pins 13 and 14 to Vpp or 
Vss during normal usage. 


CLP Inputs Clamp Pulse to Pin 15 (CLP). Clamps 
DVpp the signal voltage during Low interval. 
[— 


Generates approximately +1.8V when shorted 
with Vrr. 


Reference Voltage (Bottom). 
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Pin Descriptions (Continued) 


PIN NUMBER SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


Analog Input. 


Generates approximately +0.4V when shorted 
with Vap. 


Clamp Reference Voltage Input. Clamps so 
that the reference voltage and the input signal 
during clamp interval are equal. 


Integrates the clamp control voltage. The 
relationship between the changes in CCP 
voltage and in Vy voltage is positive phase. 


The clamp function is enabled when 
CLE = Low. 

The clamp function is set to off and the 
converter functions as a normal A/D converter 
when CLE = High. 

The clamp pulse can be measured by 
connecting CLE to DVpp through a 
several-hundred-ohm resistor. 


Data is output when OE = Low. Pins DO to D7 
are at high impedance when OE = High. 


A 
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Absolute Maximum Ratings Ta, = 25°C Thermal Information 

BUPEY VONAGE (Vai) sosicen se cenen need ene keen dee enw 7V__ Thermal Resistance (Typical, Note 1) 8ja (CCW) 
Reference Voltage (VAT, Vap)-.-------- Vpp +0.5V to Vgs - 0.5V MQFP Package ..........000cccceeeeeeeeees 122 
Input Voltage, Analog (Vij) ....--..---- Vpp +0.5V to Vgsg-0.5V Maximum Junction Temperature (Plastic Package) ........ 150°C 
Input Voltage, Digital (Vjy, ViL) ..--..--- Vpp +0.5V toVgs-0.5V Maximum Storage Temperature Range .......... -65°C to 150°C 
Output Voltage, Digital (VoH, VoL) ------ Vpp +0.5V to Vss-0.5V Maximum Lead Temperature (Soldering 10s)............. 300°C 


(MQFP - Lead Tips Only) 
Recommended Operating Conditions 


Temperature Range (topy) ......--.. seen ee eee -40°C to 85°C = Analog Input (ADIN) ..............00c 0c eee e eee Vet to Vas 
Supply Voltage (IDVss - AVgsl)..............0006- O0to100mV Clock Pulse width (tpyw4) ........ ec eee eee eee eee 27ns (Min) 
Power Supply (DVpp, DVss)(AVpp, AVss)..-.------ 3.14V to 4.0V COG sacar scaet soso wesds cee ene 27ns (Min) 
Reference Input Voltage (Vpap)..... 6... eee eee cece eee eee 0.4V 

(VET cis sceaw nt saeed docasease ve 1.8V 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Whenusing a single power supply; fo = 18 MSPS, Vpp = 3.3V, Vrap = OV, Vat = 1.5V, 
Ta = 25°C 

———Panaweten | svwson | ves conpions | ww] WP] wax [UnmTs 
[Maxum Gowersion Rat” | fowax[Vyeowrsy SSCS te | 
[minum Conversion Rate | tein [y= tizRamp | ef 08s 
[Supply Curent | top] io= 18 SPS NTSC Ranp Wave [88 [10] ma 
[Reference Pin Gare er SSCS 8 ns | | 
Taraog np Capectance | Gy [Vin=076V+0.07Vaws | 8 
TRefrence Resistance Var Vas) | Aner mo me] 


Sel Bias v 
Re eee 
a 

| Fon 
Digital Input Current | | Vpp = Max 
Digital Output Current | lon OE =Vss “1. 


eS 


a3 
<j< 


ELE 
>| > 


oO 
_ 
[o>] 
4 


+0 


on 
H- 
oe 
w 


LSB 


+0.5 LSB 


Integral Nonlinearity Error fo = 18 MSPS 
Vin = 0 to 1.5V 
Differential Nonlinearity Error L = fo = 18 MSPS 


Vin = 0 to 1.5V 
Aperture Jitter 
Sampling Delay [iso 
Clamp Offset Voltage Vin = DC VREF = 0.5V 
PD 


Oo 
ra 
Comal 
Ss 
S 
mal 
O 
= 
ry 
O 
oO 
< 
= 
= 3 
r 
—+ 
G) 
4 
® 
» 
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a 
— 
oO 
oS 
mn 
- 
° 
Q 


PWS = dus 0 [10 mv 


tc 
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Digital Output 


The following table shows the relationship between analog 
input voltage and digital output code. 


DIGITAL OUTPUT CODE 


INPUT SIGNAL 
VOLTAGE 


Timing Chart 


tpwi ' tpwo 


CLOCK - - 


ANALOG INPUT 


DATA OUTPUT ~ — 
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Typical Application Circuits 


HC04 +3.3V (DIGITAL) 
CLOCK IN ¢ 


CLAMP PULSE IN ¢ LATCH a LU 
(NOTE 2) x. 
0.01, 47) 


+3.3V (ANALOG) b Le 


102 752 


OVO 


VIDEO IN 


+3.3V Wy 
(ANALOG) 


| @0000€ 
a 
Q 
2 
6 
© 
OHOOOOOOO 
22882888 


POOOOOOG 


0.01, 


GND (DIGITAL) 
GND (ANALOG) 


NOTE: 


1. The clamp pulse is latched by the sampling clock of ADC, but that is not necessary for basic clamp operaiotn. However, slight small beat 
may be generated as Vertical sag according to the relationship between the sampling frequency and the clamp pulse frequency. At such 
time, the latch circuit is efective in this case. 


” 
FIGURE 1. WHEN CLAMP IS USED (SELF BIAS) 7 Q 
e Ww 
cw 
+3.3V (DIGITAL) = o 
=r 
HCO4 e a = 2 
CLOCK IN +> oe OPEN ot 
ac 6009-09000 ‘, < 
0.01, av e | 
+3.3V (ANALOG) b le — 
(6) CLAMP LEVEL 
a | suetracter, | SETTING DATA 
VIDEO IN ite. eG — om COMPARATOR, K __ 
&) (4) ETC. 
+ 
} Op 05) a 
10p :;: > a- 
. 6) @ 
0.01, @) a 
4 (1) 
_ eeoeoeoe y 
DAC, 
PWM, 
0.011 ETC. 
GND (DIGITAL) INFORMATION OTHER THAN 
+ P <— CLAMP INTERVAL IS AT 
GND (ANALOG) HIGH IMPEDANCE. 
NOTES: 


2. The relationship between the changes in CCP voltage (Pin 27) and in Vij voltage is positive phase. 
3. AVin/AVocp = 3.0 (fg = 20 MSPS). 
FIGURE 2. DIGITAL CLAMP (SELF BIAS) 
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Typical Application Circuits (continued) 


+3.3V (DIGITAL) 


HCO4 a 
CLOCKIN ¢ : pe Tt may 


@ (8) 
wit, °F | Leg ‘ 
a (8) 
VIDEO IN c 77 _. ‘ 
1 O.1p t 
10p = - 

+ ° 0.01, e 5 
on @ 

_ 99999904 

a +3.3V (DIGITAL) 
GND (ANALOG) GND (DIGITAL) 


FIGURE 3. WHEN CLAMP IS NOT USED (SELF BIAS) 
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@ HARRIS Hi2301 


8-Bit, 30 MSPS, Video 
August 1997 A/D Converter with Amplifier/Clamp 
Features Description 
® RESOIUNON .cccccsscsaccsnacs 8-Bit +0.5 LSB (DNL) The HI2301 is an 8-bit CMOS analog-to-digital converter for 


30 Msps_-Video use that features a sync clamp function and on-chip 


¢ Maximum Sampling Frequency ........... 
wee y amplifier. The adoption of a 2-step parallel method realizes 


¢ Low Power Consumption, 120mW (Including low power consumption and a maximum conversion speed 
Reference Current) of 30 MSPS. 
¢ Standby Function 


Ordering Information 
Amplifier Functions 9g 
- Built-in 3x Amplifier (145MHz Band) 


PART TEMP. 
(°} 
- 2-Input Selector Function Provided NUMBER | RANGE (°C) 


Built-in Input Clamp Function (DC Restore) HI2301JCQ 32 Ld MQFP 


¢ Clamp ON/OFF Function 

¢ Internal Voltage Reference 

e Three-State TTL Compatible Output 

Power Supply......... +5V Single or +4.75/3.3V Dual 
Direct Replacement for Sony CXD2301 


Applications ” 

e Desktop Video E mi 
e Multimedia _ 
¢ Video Digitizing 6 z 
¢ Image Scanners : a 


Pinout 


VREF 
VAT 
ADV 
ADV 
CLP 
TEST 
CLK 
DVpp 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 41 04.1 
Copyright © Harris Corporation 1997 4-121 
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Functional Block Diagram 


Vin2 Vind OPO ADV ADV Avpp 


CLOCK GENERATOR 


A/D CONVERTER 


VREF CLE CLP CCP 


Pin Descriptions 


| PINNO. | SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


Reference voltage (bottom) connect to AVss 
for normal use. When another external voltage 
is input, connect an external 0.1u.F capacitor 
and retain a 1.5V differential compared to the 
top reference voltage. 


Reference voltage (top) by setting Vpp to 


AVss, Outputs approximately 1.5V. Connect 
only a 0.1pF external by-pass capacitor for 
normal use. When another external voltage is 
input, it must be 2.2V or lower. 
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Pin Descriptions (Continued) 


| PINNO. | SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


SEL Switches the input of the 3x amplifier. When 
SEL is at Low level, Vin is selected. When 
SEL is at High level, Vino is selected. 


Standby function ON/OFF selector. In stand- 
by state when High. 
Fix to Vss for normal use. 


When CLE = Low: Clamp function is enabled. 
When CLE = High: Clamp function is disabled, 
and only the normal A/D converter function is 
enabled. 


Clock Input. 


Inputs the clamp pulse to Pin 20 (CLP). 
Clamps the High interval signal voltage. 
Digital GND. 


D7 (MSB) to Do (LSB) output. Outputs Low 
level in standby. In operation, the phase of D7 
to Do output is inverted against the phase of 
ADIN. 


5V or 3.3V 


Short Pins 21 and 22, and connect 0.1yF 
external capacitor. 


Clamp reference voltage input. Clamps so 
that the reference voltage and the clamp inter- 
val ADIN input signal are equal. The reference 
voltage is more than 0.5V. 
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HIGH SPEED 


HI2301 


Pin Descriptions (Continued) 


| PINNO. | SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 
aa Amplifier input pin. Biased internal at 1.9V 
27 


(when AVpp = 5V) or at 1.8V (when 
ViN2 AV pp = 4.75V). When standby as well. When 
SEL is at Low level, Vinjz is selected for input; 
when SEL is at High level, Vino is selected for 
input. 


A/D converter block analog input. 


Amplifier Output. The phase of this output is 
inverted against the phase of Vin, 9. In 
standby mode, it becomes high-impedance 
output condition. 


Integrates the clamp control voltage. The rela- 
tionship between the CCP voltage variation 
and the ADIN voltage is positive phase. 


The following table shows the status of the digital output pins 
when the TEST pin is used with the CE and SEL pins. 


ADIN DIGITAL OUTPUT CODE 


INPUT SIGNAL 
VOLTAGE 


SSIES CLIC bac 
ae See 


TEST MODE 
H i. LIATLEATPLIA GL 


Digital Output 


rc 


+t 


: 


i 


The following table shows the correlation between the ADIN 
input voltage and the digital output code. Take notice that the 
phase of ADIN input signal voltage is inverted against the 
phase of the digital output. 
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Absolute Maximum Ratings Ta, = 25°C Thermal Information 
SUP VERGO (Vitis sx24onsnen end ceecee beceeues een ees 7V Thermal Resistance (Typical, Note 1) 8 ya (°C/W) 
Reference Voltage (Vpat, Vap).-------++-- Vpp 0.5 to Vgg -0.5V MQFP Package .............cceceeeeeeeeees 122 
Input Voltage, Analog (Vin) .....--..----- Vpp 0.5 to Vsg -0-5V Maximum Junction Temperature (Plastic Package) ........ 150°C 
Input Voltage, Digital (Vjy, VIL) .-------+-- Vpp 0.5 to Vgg -0.5V_ Maximum Storage Temperature Range ......... -65°C to 150°C 
Output Voltage, Digital (Voy, VoL) --.----- Vpp 0.5 to Vgs -0.5V_ Maximum Lead Temperature (Soldering 10s)............. 300°C 
Operating Conditions (Lead Tips Only) 
Supply Voltage (IDVsgsg - AVgsl)......... 0.200 ee eee 0 to 100mV 
Single Power Supply (AVpp, DVpp) .............++. 5.0 +0.25V 
Dual Power Supply (AVpp).......--.-. eee eee eee 4.75 +0.25V 
(OVID) «iv veea eeu suvun eave nana 3.3 +0.3V 
Reference Input Voltage (Vpp)......-..- eee eee eee OV to 2.2V 
Es deh tac a ekeneekeewns OV to 2.2V 
Analog Input (ADIN)... cause cece nvancwees More than 1.2Vp.p 
Clock Pulse WIM, lew sc ao iscceecncacensinseues 16ns (Min) 
ol MELEE ELE TCT CTT Eee 16ns (Min) 
Temperature Range (Topy)........ eee eee eens -20 to 75°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications — Electrical Specifications; When using a single power supply (fo = 30 MSPS, AVpp = DVpp = +5V, 
Vrs = OV, Vat = 1.5V, Ta = 25°C 


[—ranaweren __[svweo.[ ___Testconomons [| wn | we | wax [ uNTS. 
Sumy uren __| wotr loo [on Se NSPS. NTSC Ramp Wavermoa |__| 27 [| ® | mA 


R 
Offset Voltage EO 


Standby SuppyGuren | _tsre_ [=o | (|| om Ta | | fo 
Max Conversion Rate en = 1 
Min Conversion Rate | fo Min | Min } = f= | 05 | MSPs | 7 = 
ADIN Input Band (At -148) a a: zx 
Reference Resistance (Vpt to Vag) | Rrer | | 440. | S 
1.66 | 
az 


~ 1.38 
7 
Digital Input Voltage ViH ae 
ViL 
DVpp = Min 4.1 
zl 


DG NTSC 40 IRE Mod Ramp, fc = 14.3 MSPS 


Digital Input Current 


Digital Output Current 


Output Data Delay 
+0.5 +1.3 


rm 


O 
“4 = 
a .= 

alae ; a =/3/3)5/5]-|-[2/2|<le[s]8 
$2) 
7 


S 


w 


Integral Nonlinearity Error 


_ 
aa 


Differential Gain Error 
Differential Phase Error 


Aperture Jitter 


> 


os 
i 


ee) 
N 


Sampling Delay 
Clamp Offset Voltage Eoc VaDIN = DC VREF = 0.5V 
pase VreF = 1.5V 
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Electrical Specifications Electrical Specifications; When using a single power supply (fo = 30 MSPS, AVpp = DVpp = +5V, 
Vrs = OV, V)r = 1.5V, Ta = 25°C (Continued) 


[PARAMETER =< SYMBOL| _—=SCTESTCONDITIONS |S MIN | ‘TYP | MAX | UNITS | 
[GiampPuseDewy | toro | CCSC~iC( SSS | Ct 
famelierGain | [Totem | | 95 | 108 | a8 
[one [Wrenn | SS 
es Oe 
ae 2 
Electrical Specifications When Using a Dual Power Supply (fc = 30 MSPS, AVpp = DVpp = +5V, Vat = 1.5V, 
Vat = 1.5V, Ta = 25°C 


V 
kW 
p 


3 
> 


= 


— 
[ic= 30 MEPS, NTSC Rar Wave most | —_ 
= 
= 


Vin = 0 to 1.5V 
fin = 1kKHz Ramp 


wT 


+ 
p< 
on 
+ 

f°?) 
on 
< 


Digital Input Voltage 


Digital Input Current = Max Vin = DVpp 


Digital Output Current = Min Von = Vpp -0.5V 


Dorrit Nonineany Err [Ep ['o=S0MSPS,Vy=0 TS 
Differential Gain Error = | ~~ NTSC-40 IRE Mod Ramp, fc = 14.3 MSPS 
terete Paso eror dt 

Ce 
Sanpingsaey ib] 


Em 
= 
= 
Loe 
= 
oo 
== 
Clamp Offset Voltage Eoc Vin = DC Vrer = 0.5V | 0 | +20 
2 
8s | 
i! 
| 9 | 
— 


= 


> 


a = = 
|=] |2]5)5|<|<]2/2|-[=]s}#]8/8|5]3)3 


+ 
J 
¢) 


- ; 
3S 
3s 


r- 
oo 2) 
w 


+0.5 
1 


Q. 
® 
© 


= 
<[< 


i?) 
a 


To 


Vini and Vina Input Capacitance 


Ci1,2 
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Timing Chart 


tpw1 tpwo 


CLOCK 2V - - 


ADIN INPUT 


DATA OUTPUT 


Application Circuits 


CLOCK IN +3.3V 


CLAMP PULSE IN 0.1 


+4.75V 


DO 
Di 


HIGH SPEED 


VIDEO IN ¢ D2 


A/D CONVERTERS 


D3 
D4 
D5 
D6 
D7 


©,6,6,0,6,0,6,0 


PPP POOOG 


GND (ANALOG) GND (DIGITAL) 


NOTE: 


2. Although the ADC sampling clock latches the clamp pule, it is not needed for basic clamp operation. However, depending on the 
relationship between the sampling frequency and the clamp pulse frequency, a small beat might be generated as Vsac. The latch circuit 
is valid at this time. 


FIGURE 1. CLAMP USAGE EXAMPLE (USING SELF BIAS, CIRCUIT WHEN USING THE INTERNAL AMPLIFIER) 
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Application Circuits (Continued) 


ACOA IN +3.3V 
CLOCKIN ¢ 
> O.1p 0.1, 
+4.75V O.4p 
is V * 
a * (24)-(23)-(22)-(21)-(20)-{19)+(18)-{17) 
— i oo 
‘Ap 
IN2 © (26) or CLAMP LEVEL 
SETTING DATA 
(27) (14) i 
0.1, @) an SUBTRACTER, 
75 | 
Ps (12) 
1 << 
a 
0.1 a e 
y ye a 
(32) (9) 
eee) 
\/ 
GND (ANALOG) GND (DIGITAL) 
HIGH IMPEDANCE FOR ALL 
INFORMATION OUTSIDE THE 
CLAMP INTERVAL 
NOTES: 


3. The relationship between the CCP voltage (Pin 32) variation and the ADIN voltage variation is position phase. 
4. AADIN/AVccp = 3.0 (fg = 30 MSPS). 
FIGURE 2. DIGITAL CLAMP USAGE EXAMPLE (USING SELF BIAS), CIRCUIT WHEN USING THE INTERNAL AMPLIFIER 


+3.3V (DIGITAL) 
ACO4 O.1p ce 
CLOCK IN ¢ i> > V ¥en" 0.1, 
es SOOOOOE 

+4.75V ea 
) (25) (16) > DO 
@ 4s —e 01 

O.1p 
VIDEO IN ¢ 4 ae (27) 14) D2 
(28) (13) D3 
oan en 
(7 «(O.1p ~ -@ D 7 
10p t- é (10) D6 
e (9) 2 D7 


| ooe VOUO’ 
\/ \/ 
GND (ANALOG) +3.3V (DIGITAL) 


FIGURE 3. WHEN NOT USING THE CLAMP, CIRCUIT WHEN USING THE INTERNAL AMPLIFIER 


GND (DIGITAL) 
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Application Circuits (Continued) 


+4.75V 
20K 
ACO4 a. O.1p1 a O.1p1 +3.3V (DIGITAL) 
CLOCKIN ¢ i> 
ae ++ — ” 
CLAMP PULSE IN ¢ Q 
a phot 
(NOTE 5) 
(24}-{23)-(22)-21)-(20)-(19)-(18)-(17) 
+4.75V (ANALOG) 
(25) (16) Do 
~ (26) (15) D1 
Ap 
D2 
VIDEO IN ¢ o Y 4 
(NOTE 6) D3 
wm Te = 
(29) (12) D4 
10p == G0) (11) D5 
i 
V ‘= 31) (10) D6 
G2) (9) D7 


oy — VOOUeYe? 
\/ \/ 


GND (ANALOG) _ GND (DIGITAL) 
NOTES: 


5. Although the ADC sampling clock latches the clamp pulse, it is not needed for basic clamp operation. However, depending on the 
relationship between the sampling frequency and the clamp pulse frequency, a small abeat might be generated as Vsaq. The latch circuit 
is valid at this time. 


6. Take care that the phase of ADIN input is inverted against the phase of the digital output, because the use of the built-in inverting amplifier 
is standard. (Refer to “Digital Output.) 


FIGURE 4. CLAMP USAGE EXAMPLE WHEN NOT USING THE INTERNAL AMPLIFIER 
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HIGH SPEED 


HI2301 


Application Circuits (Continued) 


nh ee +3.3V (DIGITAL) 
ACO4 y, 
cLocK IN ¢ SS Tat ch oy 
+4.75V (ANALOG) 24)-@3) dé 20) boo A 
ae: 
VIDEO IN © ci e @ CLAMP LEVEL 


2) AD _ SUBTRACTER, | SETTING DATA 


(NOTE 9) 10, 75 _; a COMPARATOR, = 
| 6 Oo 

aoa 5 “-_ 
z 31) (10) 


My PPV’ u 


GND (ANALOG) GND (DIGITAL) 
4 HIGH IMPEDANCE FOR 
ALL INFORMATION OUTSIDE 
THE CLAMP INTERVAL 


NOTES: 
7. The relationship between the CCP voltage (Pin 32) variation and the ADIN voltage variation is positive phase. 
8. AVapin/AVccp = 3.0 (fg = 20 MSPS). 


9. Take care that the phase of ADIN input is inverted against the phase of the digital output, because the use of the built-in inverting amplifier 
is standard. (Refer to “Digital Output.”) 


FIGURE 5. DIGITAL CLAMP USAGE EXAMPLE 


ACOA 
mk. 
CLOCK IN ¢ le iiss O.4p 


+4.75V (ANALOG) 242322) 21)-(20-19-(18)-017) 

25) (16) > DO 

26) (15) > D1 

VIDEO IN ¢ < z " 

(NOTE 10) 

+1 Boon 

1p = E aa — 

" mes 31) (10) 5 D6 

-O (9) > D7 
2OO00O0¢ 

y, vy GND (DIGITAL) 


GND (ANALOG) _ +3.3V (DIGITAL) 
NOTE: 


10. Take care that the phase of ADIN input is inverted against the phase of the digital output, because the use of the built-in inverting amplifier 
is standard. (Refer to “Digital Output”.) 


FIGURE 6. WHEN NOT USING THE CLAMP 
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Typical Performance Curves 


Vpp = 4.75V Vpp = 5V 
Vin = 150MVams z INPUT WAVEFORM 
Vin1 = GND E IS RAMP WAVE 
z Vin = 150mMVamws 
= Q 
J in 
% : 
5 2 
o ve} 
re) (o) 
5 FS 
2 ud 
c 
5 
© 
1 5 10 50 0.1 0.5 1 5 10 50 
fin, INPUT FREQUENCY (MHz) fij, INPUT FREQUENCY (MHz) 
FIGURE 7. INPUT FREQUENCY OF Vino vs CROSSTALK FIGURE 8. INPUT FREQUENCY vs CURRENT CONSUMPTION 


Vin2 > Vin1 


fin = NTSC RAMP WAVE 
Vin = 150mMVays 


CURRENT CONSUMPTION (mA) 
HIGH SPEED 


A/D CONVERTERS 


fs, SAMPLING FREQUENCY (MHz) 
FIGURE 9. SAMPLING FREQUENCY vs CURRENT CONSUMPTION 
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SEMICONDUCTOR 


Hi2302 


8-Bit, 50 MSPS, Video 
August 1997 A/D Converter with Clamp Function 
Features Description 
¢ Resolution ..........+..+005- 8-Bit +0.5 LSB (DNL) The HI2302 is an 8-bit CMOS A/D Converter for video with 
e Maximum Sampling Frequency ........... 50 MSPS _ synchronizing clamp function. The adoption of two-step 
. parallel method achieves low power consumption and a 
¢ Low Power Consumption .............0008. 125mW 


maximum conversion rate of 50 MSPS. For pin compatible 
(Reference Current Excluded) lower sample rate converters refer to HI1179 (385 MSPS) or 
Built-in Input Clamp Function (DC Restore) H11176 (20 MSPS) data sheets. 


e Clamp ON/OFF Function 

e Internal Voltage Reference 

¢ Input CMOS/TTL Compatible 

Three-State TTL Compatible Output 

Power SUDO i.cccccacccamecunessenenns +5V Single 
or +5V/3.3V Dual 

Direct Replacement for Sony CXD2302Q 


Ordering Information 


PART TEMP. 
NUMBER RANGE (°C) 


HI2302JCQ -40 to 85 32 Ld MQFP | Q32.7x7-S 


Applications 

e Video Digitizing 

e Wireless Receivers 

¢ LCD Projectors/Panels 

e Cable Modems 

¢ RGB Graphics Processing 
e Camcorders 


Instrumentation 


Pinout 
HI2302 (MQFP) 
TOP VIEW 
89 wa & B 

oszeeasee 

LEELA 
Do 3 28 27 26 2 View 
D1 2 AVss 
D2 3 AVss 
D3 4 VIN 
D4 5 AVpp 
D5 6 AVop 
D6 7 Vat 
D7 8 

5 VraTs 

JOUGUUUU 

e- a xoo a Qa 

rt 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


File Number 4105.1 
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Functional Block Diagram 


DVss 


LOWER 
SAMPLING COMPARATOR [¢_ 
(4-BIT) 


A/D CONVERTERS 
HIGH SPEED 
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Absolute Maximum Ratings Ty, = 25°C 


ey WOnRO Ahh sc eve nsi kee s reeked sends etewenr kes 7V 
Reference Voltage (Vat, Vag) ....------- Vpp +0.5 to Vss -0.5V 
Input Voltage (Analog) (Viny)........----. Vpp +0.5 to Vss -0.5V 
Input Voltage (Digital) (Vj)............... Vpp +0.5 to Vsg -0.5V 
Output Voltage (Digital) (Vo) ............ Vpp +0.5 to Vss -0.5V 
Operating Conditions 
Supply Voltage (AVpp, AVss)..-. 6... eee eee ees 4.75 to 5.25V 
(Vion), UVES) «occ eeccaveewnsna xs 3.0 to 5.5V 
(|DVgg-AVggl). 0... 2c eee eee eee 0 to 100mV 
Reference Input Wain 
VAG? ciceeve sareeiineadewass 0 and Above V 
(VAT) cceestcentuenceenanes 2.7 and Below V 
Analog Input UNG). cee cece DES OSE REESE EHS 1.7Vp._p Above 
Clock Pulse Width (tpyw 1, tpwo)...----- eee eee ee ee 10ns (Min) 
Ambient Temperature (Toppy)........---00e ee eee -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) Ba (CCW) 
MGOFP PACKAOG soc iccshesane enews HwrGene ne 122 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range .......... -55°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


(MQFP - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications 


ANALOG CHARACTERISTICS 


Input Bandwidth Full Scale BW Envelope 
Rin = 33Q 


| Eop | Potential Difference to Vag 
[Diferental Gain Gor [0G | NTSC-40 IRE Mod Ramp 
[Samping Delay | to 
Clamp Offset Voltage i Vin = DC, Cy = 10nF 
tpcw = 2.75us, 
fc = 14.3 MSPS, 
foLp = 15.75kHz 
Signal-To-Noise Ratio fin = 100kHz 
fin = 5OOKHz 
fin = 1MHz 
fin = 3MHz 
fin = 10MHz 
fin = 25MHz 


Spurious Free Dynamic fin = 100kKHz 
fin, = 500kHz 
fin = 1MHz 
fin = 3MHz 
fin = 10MHz 


fin = 25MHz 


SFDR 


Maximum Conversion Rate AVpp = 4.75 to 5.25V, Ta = 20 to 75°C, Vin 


argv 
ee es eo 
dB 0.0 Me 


[Bierental Nonineariy Ener] Ep P= foes [os [iss 
[ntegral Nonineariy Ewer | 6. 


Offset Voltage | Eor Potential Difference to Var 


fo = 50 MSPS, AVpp = 5V, DVpp = 3 to 5.5V, Vrp = 0.5V, Vat = 2.5V, Ta = 25°C 


[PARAMETER [SYMBOL] __TESTCONDITIONS __[ NOTES] MIN | TYP] WAX | UNITS 


— EHS 
ae a 


Degrees 


Vrer = 0.5V 
VREF = 2.5V 
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Electrical Specifications — fc = 50 MSPS, AVpp = 5V, DVpp = 3 to 5.5V, Vap = 0.5V, Vaz = 2.5V, Ta = 25°C (Continued) 


[PARAMETER | SvMBOL] ___TESTCONDITIONS __ NOTES] MIN | TYP | WAX | UNITS 


DC CHARACTERISTICS fc = 50 MSPS, AVpp = 5V, DVpp = 5V or 3.3V, Vap = 0.5V, Vat = 2.5V, Ta = 25°C 


| Reference Resistance RReEF 
(Vat - VRB) 
Cai2__| Vats: Vat: Vee, Vass, VREF 
C DO to D7, TEST 
Ta= 20°C to75°C TEST, CLP, CLE 


A 
pital | rm 
Self-Bias Voltage Shorts Vats and Aypp 

Weer . Vig Shorts Vags and Ayss 
ae 
Poe 
me 
aaa 
AVpp = 4.75 to 5.25V, 
DVpp = 3 to 5.5V, Ta = -20°C to 75°C 
Lesee 
Ca 
ne 
Vor=04v | 
_ 
a 


480 


N 
ale 


1.92 2.04 


370 
15 


ne) 
mn 


pF 


7 


Output Capacitance 


Digital Input Current 


RB 
AO 
DO 
Digital Input Voltage H 


< 
= 


-240 
-240 


Digital Output Current 
4 


OE = OV VOH = DVpp - 0.8V 
DVpp = 3.3V 

Ta = -20°C to 75°C «| VOL = 0-4V 
OE = 3 
DVpp = 3 to 5.5V Vai =0V 

T= 20°C t0 75°C 


ine) 


V 
Input Capacitance Cait Vin» VIN = 1.5V + 0.07VpaMs 
: 
OH OE = O*V, DVpp = 5V | Von = DVpp - 0.8V 
= 209° fe) 
Ta = 20°C to 75°C Vol = 0.4V 


Output Data Delay tpZH 


tPHL 
'PLH 
tPHL 
eae, Pe a 
ZL ew | 6.0 | | ins | 
tPZH 

tPZL 

Three-State Output Enable = | tpyz, tprz | RL = 1kQ, C_ = 15pF 
Time fiona, tres: OE = 3V0V 
tcpw__| fc = 14.3MHz, Cyy = 10uF for NTSC Wave 1.75 


NOTES: 
2. The offset voltage Eog is a potential difference between Vpp and a point of position where the voltage drops equivalent to "fp LSB of 
the voltage when the output data changes from “00000000” to “00000001”. Eorz is a potential difference between Vprz and a potential 
point where the voltage rises equivalent to Vp LSB of the voltage when the output data changes from “11111111” to “11111110”. 


3. The voltage of up to (AVpp + 0.5V) can be input when DVpp = 3.3V. But the output pin voltage is less than the DVpp voltage. When the 
digital output is in the high impedance mode, the IC may be damaged by applying the voltage which is more than the (DVpp + 0.5V) 
voltage to the digital output. 


4. The clamp pulse width is for NTSC as an example. Adjust the rate to the clamp pulse cycle (1/15.75kHz for NTSC) for other processing 
systems to equal the values for NTSC. 


Three-State Output Enable 
Time 
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A/D CONVERTERS 


HIGH SPEED 


HI2302 


Timing Diagrams 
tpwi : tpwo 
CLOCK 1.3V 
ANALOG INPUT ‘ crv 
DATA OUTPUT 1 N+1 Ig 
© = ANALOG SIGNAL SAMPLING POINT 
FIGURE 1A. TIMING CHART 
CLOCK 
DATA OUTPUT _ 


‘ ' 
tPLH, 
tPHL 


FIGURE 1B. TIMING CHART 


OUTPUT 1 
Vor (#DVss) 


Vou (#DVpp) 
OUTPUT 2 


FIGURE 1C. TIMING CHART 
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Timing Diagrams (Continued) 


vi (1) VI (2) Vi (3) VI (4) 
ANALOG INPUT 


EXTERNAL CLOCK (1) (2) (3) (4) 


verencoumararorssrocx “Ts Tew Tom] om [eo [oo [om [ow 


LOWER REFERENCE VOLTAGE =X vio) DK nv) Kvn DK eve) 


LOWER COMPARATORSABLOCK =f s(t) | oH) sf cm) J s@ Yo H@ | c@ | 
LOWER DATA A LD (-1) LD (1) 


Lowencouranaronsssiock wo [oo]ea] a [ea]om] va 
LOWER DATA B LD (-2) LD (0) LD (2) 


A/D CONVERTERS 
HIGH SPEED 


FIGURE 1D. TIMING CHART II 


Pin Descriptions 


| PINNO. — SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


1 to 8 DO to D7 DVop DO (LSB) to D7 (MSB) Output. 
Di 
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Pin Descriptions (continued) 


| PINNO. | SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


7 TEST Leave open for normal use. 


pO oF Digital Power Supply +5V oF +3.3V. 


TEST Leave open for normal use. Pull-up resistor is 
built in. 
Input for the clamp pulse. Clamps the signal 
CLE 
AVss 


voltage during low interval. Pull-up resistor is 
12 CLK AVpp 
AVss 


built in. 
17 


VATS 


The clamp function is enabled when CLE = 
Low. The clamp function is off and the device 
functions as a normal A/D converter when 
CLE = High. Pull-up resistor is built in. 


Clock Input. Set to Low level when no clock is 
input. 


Analog Power Supply +5V. 


Generates approximately +2.5V when 
shorted with AVpp. 


Reference Voltage (Top). 


Reference Voltage (Bottom). 


+0.6V when 


Generates approximately 
shorted with AVss. 


Analog Input. 
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Pin Descriptions (continued) 


| PINNO. | SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 
OO 


VREF Clamp Reference Voltage Input. Clamps so 
that the reference voltage and the input signal 
re 


during clamp interval are equal. 


| Data is output when OE = Low. Pins D0 to D7 


are at high impedance when OE = High. Pull- 
Digital Output 


Integrates the clamp control voltage. The 
relationship between the changes in CCP 
voltage and in Vix voltage is positive phase. 


down resistor is built in. 


The following table shows the relationship between analog input voltage and digital output code. 


INPUT SIGNAL DIGITAL OUTPUT CODE 
VOLTAGE STEP | MSB LSB 
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HIGH SPEED 
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Electrical Specifications Measurement Circuits 


MEASUREMENT 


POINT DVpp 
Ri 
MEASUREMENT 
TO OUTPUT PIN 
| POINT TO OUTPUT PIN 
CL 
| i. Re 
NOTE: C, includes capacitance of probes. 
FIGURE 2. OUTPUT DATA DELAY MEASUREMENT CIRCUIT FIGURE 3. THREE-STATE OUTPUT MEASUREMENT CIRCUIT 


4 S1: ONIFA<B 
S2: ONIFB>A 


COMPARATOR 
A8 «BB 
Al Bt 
AO BO 


DUT 
HI2302 


000 --- 00 
TO 
W1-=+* 10 


CLK (50 MSPS) 


FIGURE 4. INTEGRAL NONLINEARITY ERROR/DIFFERENTIAL NONLINEARITY ERROR/OFFSET VOLTAGE TEST CIRCUIT 


HI20201 
8 TTL 8 
Be VIN \ 10-BIT VECTOR 
D/A SCOPE 
SOURCE 
ECL 
40 IRE a =-2.5V 
MODULATION 
1“ BURST D.G. 
< 0 D.P. 
-40 0.5V 
SYNC - 
fc U. : 
cS i 5.2V 
ECL 


FIGURE 5. DIFFERENTIAL GAIN ERROR, DIFFERENTIAL PHASE ERROR TEST CIRCUIT 
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Electrical Specifications Measurement Circuits (continued) 


2.5V ¢ 


0.5V a 


2.5V © 


0.5V ¢ 


FIGURE 6. DIGITAL OUTPUT CURRENT TEST CIRCUIT 


Operation (See Block diagram and Timing Chart Il) 


e The HI2302 is a two-step parallel system A/D converter 
featuring a 4-bit upper comparator block and two lower 
comparator blocks of 4-bit each. The reference voltage 
that is equal to the voltage between Vprrt - Vrp/16 is 
constantly applied to the upper 4-bit comparator block. 
Voltage that corresponded to the upper data is fed through 
the reference supply to the lower 4-bit comparator block. 
Voltage that corresponded to the upper data is fed through 
the reference supply to the lower 4-bit comparator block. 
Vrts and Vrps pins serve for the self generation of Vat 
(reference voltage top) and Vpp (reference voltage bot- 
tom), and they are also used as the sense pins as shown 
in the Application Circuit examples Figures 10 and 11. 


This IC uses an offset cancel type comparator which 
operates synchronously with an external clock. It features 
the following operating modes which are respectively indi- 
cated on the Timing Chart Il with S, H, C symbols. That is 
input sampling (auto zero) mode, input hold mode and 
comparison mode. 


The operation of respective parts is as indicated in the 
Timing Chart Il. For instance, input voltage VI (1) is sam- 
pled with the falling edge of the external clock (1) by 
means of the upper comparator block and the lower 
comparator A block. 

The upper comparator block finalizes comparison data MD 
(1) with the rising edge of the external clock (2). 
Simultaneously the reference supply generates the lower 
reference voltage RV (1) that corresponded to the upper 
results. The lower comparator A Block finalizes compari- 
son data LD (1) with the rising edge of the external clock 
(3). MD (1) and LD (1) are combined and output as Out (1) 
with the rising edge of the external clock (4). Accordingly 
there is a 2.5 clock delay from the analog input sampling 
point to the digital data output. 
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Notes On Operation 


Vpp: Vss 

To reduce noise effects, separate the analog and digital 
systems close to the device. For both the digital and analog 
Vpp pins, use a ceramic capacitor of about 0.1p.F set as 
close as possible to the pin to bypass to the respective 
GNDs. 


Analog Input 

Compared with the flash type A/D converter, the input 
Capacitance of the analog input is rather small. However, it 
is necessary to conduct the drive with an amplifier featur- 
ing sufficient band and drive capability. When driving with 
an amplifier of low output impedance, parasitic oscillation 
may occur. That may be prevented by insetting a resis- 
tance of about 33 in series between the amplifier output 
and A/D input. When the Vix signal of pin No. 21 is moni- 
tored, the kickback noise of clock is. However, this has no 
effect on the characteristics of A/D conversion. 


Clock Input 

The clock line wiring should be as short as possible also, 
to avoid any interference with other signals, separate it 
from other circuits. 


Reference Input 

Voltage Vrt to Vrp is compatible with the dynamic range 
of the analog input. Bypassing Vat and Vrp pins to GND, 
by means of a capacitor about 0.1pF, stable characteris- 
tics are obtained. By shorting Vpp and Vrats, Vss and 
Vrps respectively, the self-bias function that generates 
Vat = about 2.5V and Vrap = about 0.6V, is activated. 
Timing 

Analog input is sampled with the falling edge of CLK and 
output as digital data synchronized with a delay of 2.5 
clocks and with the following rising edge. The delay from 
the clock rising edge to the data output is about 9ns 
(DVpp = 5V). 

OE Pin 

Pins 1 to 8 (Do to D7) are in the output mode by leaving 


OE open or connecting it to DVsg, and they are in the high 
impedance mode by connecting it to DVpp. 


A/D CONVERTERS 


HIGH SPEED 
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Application Circuits 


CLOCK IN © : 


+5V (DIGITAL) 


0.1 
rh 


== 
== ills 
CLAMP PULSE IN ¢ Bac (15)-(14)-(13)-(12)-(11)-(10)-( 9 ) 
0.01, aw e) oo 
+5V (ANALOG) T, O (7) > De 
+E x | : 
©) > Dg 
VIDEO IN ¢ 10n 330 re 
(21) (4) 9 Dg 
+ 
0.1, > D2 
OT ae BS Y 
L (23) (2) 5 D; 
v, v, (24) G oy 
+5V(ANALOG) 9.01, 
veer PPP PPOVS 
20K 0.01 
GND (DIGITAL) 
GND (ANALOG) YJ 
FIGURE 7. SINGLE +5V POWER SUPPLY WHEN CLAMP IS USED (SELF-BIAS USED) 
ACO4 +5V (DIGITAL) 
CLOCK IN ¢ 1> uuu ape Paar 
| [OOOO0-OO@ 
0.01, (17) 
+5V (ANALOG) ar -e 
CLAMP LEVEL 
a SETTING DATA 
SUBTRACTER 
VIDEO IN ¢ e) .* 
10n 330 S COMPARATOR = 
se 
10p == 0.1 
oan: 
. (23) 
v, ~ (24) 
S OOOOOO-ES 
GND (DIGITAL) 
\/ 
GND (ANALOG) 3 ¥_ INFORMATION OTHER 
 *~ THAN THAT FOR CLAMP 
INTERVAL IS AT HIGH 
IMPEDANCE 
NOTES: 


5. The relationship between the changes in CCP voltage (Pin 27) and in Vy voltage is positive phase. 
6. A Vin/ A Vocp = 3.0 (fs = 20 MSPS). 
FIGURE 8. SINGLE +5V POWER SUPPLY DIGITAL CLAMP (SELF-BIAS USED) 
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Application Circuits (continued) 


+5V (DIGITAL) 


ACO4 
CLOCK IN ¢ 1> Hy OPEN L 
OO 56 HOO 


+5V (ANALOG) 9-01 


V 


VIDEO IN © 


a 
_ 
O20,0,020,0,0,0 
S2eRe 2 REE 


ion OOOOOOO-S 
GND a 


GND (DIGITAL) 


FIGURE 9. SINGLE +5V POWER SUPPLY WHEN CLAMP IS NOT USED (SELF-BIAS USED) 


ce 
wi C 
em UW 
cw 
+5V (DIGITAL) 
=r 
ACO4 06 
0.1, © = 
CLOCK IN ¢ 1> —— — Ais S 
CLAMP PULSE IN @ LI re (15)}-(14)}-(13)-(12}-(11)-(10)-( 9 ) 
| 17) (8 ) > D7 
VAT > 0.011 Lg (7) > DE 
+5V (ANALOG) u LS S 
> - 
VIDEO IN ¢ — oe S) es 
(21) (4) D3 
10p = ms ms. ) ia 
: 23) (2) wy 
0.011: Y 
PST @ — 
___—dLeeeeeeoe 
+5V (ANALOG) VREF 0.01, 
20K GND (DIGITAL) 


GND (ANALOG) 


FIGURE 10. WHEN CLAMP IS USED (SELF-BIAS NOT USED) 
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Application Circuits (continued) 


+5V (DIGITAL) 
ACO4 


CLOCK IN ¢ ; 2 


O.1p 


ni 
OPEN 
ce © Sh4 HHO 


>a Q—o 
0. my see 
+5V (ANALOG) (7) 
(6) > DS 
VIDEO IN ¢ :: S a 
4) Ds 
= - 0.1 Me 
mi TS g 
oe @)——» 01 
V 0.01L\/ 
Be ¢ OT 
._ PT _“Reeeecees 
/ 
GND (ANALOG) GND (DIGITAL) 
FIGURE 11. SINGLE +5V POWER SUPPLY WHEN CLAMP IS NOT USED (SELF-BIAS NOT USED) 
+3.3V (DIGITAL) 


ACO4 


0.1 
CLOCK IN ¢ 1> =e —_— Ae 
Seat RULE Ne Tl re 65-49-0909) -1-() 


0.01y wm 
+5V (ANALOG) v me 
(19) 


+ 


020,0,040,0,0,0 


i 4 

10p ="= 0.1 (22) 
eS 

24) 


\/ Y, vd DO 
5V (ANALOG 
eT OOOO OOS 
VREF 0.01 
V 
GND (ANALOG) 


FIGURE 12. DUAL +5V/+3.3V POWER SUPPLY WHEN CLAMP IS USED (SELF-BIAS USED) 
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Typical Performance Curves 


fc = 50 MSPS fc = 50 MSPS 
= NTSC RAMP WAVE INPUT = NTSC RAMP WAVE INPUT 
E AVpp = DVpp = 5V & AVpp = DVpp 
o = Ta = 25°C 
< Ww 
5 oc 
fe) [sa 
> =, 
> O 
a ca 
2 3 
D = 
w” 
4.75 5 5.25 
AMBIENT TEMPERATURE (°C) SUPPLY VOLTAGE (V) 
FIGURE 13. AMBIENT TEMPERATURE vs SUPPLY CURRENT FIGURE 14. SUPPLY VOLTAGE vs SUPPLY CURRENT 
fc = 50 MSPS 
SINE WAVE 1.9Vp.p 
- — 
. a = 
3 3 
> i?) 
> - oc 
: : E a 
5 NTSC RAMP WAVE INPUT 2 a 
AVpp = DVpp = 5V Ww ou 
S ~” 
0% 
© = 
10 20 30 40 50 Q x 
SAMPLING FREQUENCY (MSPS) . INPUT FREQUENCY (MHz) 
FIGURE 15. SAMPLING FREQUENCY vs SUPPLY CURRENT FIGURE 16. INPUT FREQUENCY vs SUPPLY CURRENT 


fc = 50 MSPS 


fc = 50 MSPS NTSC RAMP WAVE INPUT 


fiy = 1kHz, TRIANGULAR WAVE INPUT 
AVpp = DVpp = 5V 


MAXIMUM OPERATING RATE (MSPS) 
MAXIMUM OPERATING RATE (MSPS) 


AMBIENT TEMPERATURE (°C) SUPPLY VOLTAGE (V) 
FIGURE 17. AMBIENT TEMPERATURE vs MAXIMUM FIGURE 18. SUPPLY VOLTAGE vs MAXIMUM OPERATING 
OPERATING FREQUENCY FREQUENCY 
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Typical Performance Curves (continued) 


fo = 50 MSPS 
AVpp = DVpp = 5V 
@ 
= sa 
4 S 
Wd 4 
(=) Ww 
O > 
Zz 4 
c = 
rr 2 fc = 50 MSPS 
° SINE WAVE 1Vp.p INPUT 
AVpp = DVpp = 5V 
Ta = 25°C 
AMBIENT TEMPERATURE (°C) ANALOG INPUT FREQUENCY (MHz) 
FIGURE 19. AMBIENT TEMPERATURE vs SAMPLING DELAY FIGURE 20. FULL SCALE INPUT BANDWIDTH 
fo = 50 MSPS fc = 50 MSPS 
AVpp = DVpp = 5V AVpp = DVpp = 5V 
VIN = 2Vp.p 8 VIN = 2Vp.p 
Ta = 25°C 
, . \SY 
a a S 
: Pog 
6 i =) 
5 a 
5 
ANALOG INPUT FREQUENCY (MHz) ANALOG INPUT FREQUENCY (MHz) 
FIGURE 21. ANALOG INPUT FREQUENCY vs SNR, EFFECTIVE FIGURE 22. ANALOG INPUT FREQUENCY vs SFDR 
NUMBER OF BITS (ENOB) 
fc = 10 MSPS 
ale ree = 5V f¢ = 10 MSPS 
- =) ae 3 AVpp = 5V 
& md DVpp = 3.3V 
z s C. = 15pF 
wm 10 Ww 
Q Q 
< a 
é e 
- 5 
5 5 
5 5 
: ° 
= 6 
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) 


FIGURE 23. AMBIENT TEMPERATURE vs OUTPUT DATA DELAY FIGURE 24. AMBIENT TEMPERATURE vs OUTPUT DATA DELAY 
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Typical Performance Curves (continued) 


ice 1 MSPE fc = 10 MSPS 

AVpp = DVpp = 5V AVpp = 5V 
_ 12 Ta=25°C 2 DVpp = 3.3V 
a” — 
= > 
> S 
is WwW 
im 10 ra) 
a ns 
< : 
< 
Oo s 5 
5 o. 
E = 

(e) 
© 6 
LOAD CAPACITANCE (pF) LOAD CAPACITANCE (pF) 

FIGURE 25. LOAD CAPACITANCE vs OUTPUT DATA DELAY FIGURE 26. LOAD CAPACITANCE vs OUTPUT DATA DELAY 


fc = 10 MSPS 


a 
£ 
> 7) 

om 
: fa 
a = Wl 
< ow 
< Ww oo 
2 > ~) 
5 =r 
E 39 
(e) = = a 

3 3.5 4.5 5 5.5 
DVpp SUPPLY VOLTAGE (V) 


FIGURE 27. DVpp SUPPLY VOLTAGE vs OUTPUT DATA DELAY 
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PRELIMINARY 


August 1997 


Features 


¢ Resolution 8-Bit +'/> LSB (DL) 


¢ Low Power Consumption (at 50 MSPS Typ) 
(Reference Current Excluded) .............. 


Synchronizing Digital Clamp Function 
e Clamp ON/OFF Function 

e Reference Voltage Self-Bias Circuit 

e Input CMOS/TTL Compatible 
Three-State TTL Compatible Output 


e Single 5V Power Supply or Dual 5V or 3.3V Power 


Supplies 

Low Input Capacitance ...........eeeeeenes 
Different Digital Output Multiplex Format 

- 4:4:4 Format 

- 4:2:2 Format 

- 4:1:1 Format 


¢ Direct Replacement for Sony CXD2303 


Pinout 


BO (LSB) 
B1 

B2 

B3 

B4 

B5 

B6 

B7 (MSB) 
DVss 
DVss 

AO (LSB) 
Al 


A7 (MSB) 
TGR 
DVpp 
DVpp 
AVss 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


Copyright © Harris Corporation 1997 


Hi2303 


Triple 8-Bit, 50 MSPS, Video 
A/D Converter With Clamp Function 


Description 


The HI2303 is an 8-bit, 3-Channel CMOS A/D converter for 
video with synchronizing digital clamp function. The adoption 
of two-step parallel method achieves low power consumption 
and a maximum conversion rate of 50 MSPS. 


Applications 

e Video Digitizing (Composite and Y-C) 
¢ LCD Projectors 

e LCD Panels 

¢ RGB Graphics Processing 


TBD PF Ordering Information 
TEMP. 
PART NUMBER | RANGE (°C) 
HI2303 (MQFP) 
TOP VIEW 
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Functional Block Diagram 


(72) DVss 
pot ae 
ART o— ACH —»(13) AO (LSB) 
AIN o— 8-BIT ADC 1 ot 
Ars (26) D ~>(26) A7 (MSB) 


See LAMP 
Rene 25) CLAMP 


CIRCUIT 


| 
Brt (34) 
B o, Ps oe 
4 
ipeed eu 
Bres (40) 


ae oe 
Bio 68 DAC 


aan 
Cin 68) 8-BIT ADC 

CLAMP 

Cres (63) CIRCUIT 


9-BIT vo 
Cio O— 


AVss ey 
AVss G8) 


7 - 
(3) BO (LSB) 


(45) XBOE 


| Co (LSB) 


(80) C7 (MSB) 


(21) TGR 
6 


CTLO 

z: 

DECODER 49) cni2 
(50) SY 


DATA 
SELECTOR 


+ 
LATCH 


DIGITAL CONTROL 
60}61)(65)—-G2) bbddid 63-43) 
” ” x WwW Gad Ee je 
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HIGH SPEED 


HI2303 


Pin Description 


| PINNO. | SYMBOL | EQUIVALENT CIRCUIT DESCRIPTION 


+ Or +5.90V. 


13, to 20 AO to A7 
3 to 10 BO to B7 
73 to 80 CO to C7 


Digital output. 

AO (LSB) to A7 (MSB) 
BO (LSB) to B7 (MSB) 
CO (LSB) to C7 (MSB). 


See the Timing Pulse Output 
Timing Chart. 


24, 27, 38, 60, AVss Analog Ground. 
61, 65 
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Shorting these pins to AVSS 
generates voltage of approxi- 
mately 0.6V at the ARB, BRB 
and CRB pins. 


Reference Voltage (Bottom). 


Reference Voltage (Top). 


Shorting these pins to AVopp 
generates voltage of about 2.5V 
at the ART, BRT and CRT pins. 


Analog Input. 


Analog Output. These pins are 
the D/A converter outputs which 
comprise the digital clamp 
Circuit. 


HI2303 


Pin Description (continued) 


| PINNO. | SYMBOL [| — | EQUIVALENT CIRCUIT DESCRIPTION 


30, 35, 41, 42, AVpp Analog +5V Power Supply. 
62, 68 

43 TEST Normally open. Pull-down 

59 resistors are incorporated. 


44 XAOE Output Enable Input. When these 
45 XBOE pins are Low, data is output from 
46 XCOE the digital output pins. When 
these pins are High, the digital 
output pins are High impedance. 
AVpp The A, B and C Channels can be 
controlled separately. Also, these 
pins are not synchronized with 
the clock signal. Pull-down 
resistors are incorporated. 
47 


Determines the digital output 
mode. See the Mode tables and 
Timing Charts. Pull-down 
resistors are incorporated. 


Controls the digital output mode 
switching timing. The mode is 
switched by detecting the 
transition point where this pin 
changes from Low to High. See 
the Mode Tables and Timing 
Charts for details. A pull-down 
resister is incorporated. 


Controls the CLP signal polarity. 
When this pin is Low, CLP is 
High active. 

When this pin is High, CLP is 
Low active. This pin has a built-in 
pull-down resistor. 


Clock Input. A pull-down resistor 
is incorporated. 


Clamp Pulse Input. The polarity 
can be set to either High or Low 
by setting SEL. This pin has a 
built-in pull-down resistor. 


Determines the clamp circuit 
reference data. See the mode 
tables for the set data. These 
pins are not synchronized with 
the clock input signal. Pull-down 
resistors are incorporated. 


Clamp Enable. When this pin is 
Low the clamp circuit does not 
operate. When this pin is High, the 
clamp circuit operates. A pull- 
down resistor is incorporated. 
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HIGH SPEED 


HI2303 


Absolute Maximum Ratings Ta, = 25°C 
Supply Voltage (AVpp, DVpp)........- eee eee eee eee eee 7V 
Input Voltage (Vix, All Pins)............ Vpp +0.5V to Vsg -0.5V 
Output Voltage (Vp, Digital)............ Vpp +0.5V to Vss -0.5V 
Operating Conditions 
Supply Voltage: 
AVOD: AVGG . ccc c cess ves wesecean cess anne s 4.75V to 5.25V 
iis OV SEs idee 086 6a bade e Si ois RHEE EEDA 3.0V to 5.5V 
Vee, Aeel ox ivvcteexveneeses meseewnn ees OmV to 100mV 
Reference Input Voltage: 
Vann, VARS, VOR «<< cor eweeeennednnd en see ese OV or More 
War, VOAT: VOT <cscnnsvesoseaesy xan an nwa 2.7V or Less 
Analog Input: 
Aas, Gilde GA) coe esvcrewe sees oe beet eke ana 1.7Vp.p or More 
Clock Pulse Width: 
Tg AND bo ewe w eo rdw ws cose ed ews 9ns (Min) to 1.1ms (Max) 
Ambient Temperature (TOPR) ...............05. -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) Oya (°C/W) 
MGOFP PACKAGES: «cs .sccrcstecccwsduvsiowass 88 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range (Tstq) ... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


(Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. Oj is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications 


fo = 50 MSPS, AVpp = 5V, Vrp = 0.5V, V)t = 2.5V, Ta = 25°C 


PARAMETER SYMBOL TEST CONDITIONS | MIN. | TYP | MAX | UNITS 


ANALOG CHARACTERISTICS DVpp = 8V to 5.5V 


Conversion Rate fo AVpp = 4.75V to 5.25V, Ta = -20°C to 75°C, 
Vin = 0.5V to 2.5V, fin = 1kKHz Triangular Wave 


Analog Input Band (-1dB) 


6 ee ee ee ee 


SE a A Od 
Differential Non-Linearity Error | ED | 
Integral Non-Linearity Error 


Offset Voltage (Note 2) 


Potential Difference to Any, Bat, Crt 


Potential Difference to Ang, Brag, Crs 


Differential Gain Error } pe | 
Differential Phase Error DP | 


Sampling Delay 


Clamp Offset Voltage 


Full Scale Input Ratio (Note 3) 


Ref. Data = 
“00010000” 


H- 
=k 


Ref. Data = 
“10000000” 


H- 
=k 


— 
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Electrical Specifications fo = 50 MSPS, AVpp = 5V, Vrp = 0.5V, Vaz = 2.5V, Ta = 25°C 


[_raraneren _[orocr] __vesteowomons [ww _[ | wax [unis 
In=eore Cd? oT 
name] 
newer 
inno iL 
Inne Tf 
rom [wavore Tp mT 
Income mT 
newer Cm 
nce oT 
Inmet] 
a 

DC CHARACTERISTICS DVpp = 5V or 3.3V 


Supply Current ae NTSC Ramp Wave Input 


CLE = High 
foLp = 15.75kHz 


Both | lap + Ipp ree sine Wave Input 


Digital 
cr a co OC 
Pence] Mer [oteycne oe 
Self Bias Shorts AVss and Apgs. Bars. Crags | of tao] - | ov 
eval omeoev oe See [fe 
ecm [pet fo 
fexsaome [we [fo 
com [To To 


Input Capacitance | Can Ain, Bin, Cin, Vin = 1 Ain, Bin; Cin, VIN=15V+0.07VpMS + 0. Ain, Bin; Cin, VIN=15V+0.07VpMS 


Cai2 |Arts; Art, Ars: Apes: Bats; Bat, Bre, 
Bres: Cats, Crt, Cre, Cras 
Digital Input Pin pa 
| S20 _| Ato. Bio, Cio p= | eo] | or 
ooo Pree Poe 


AVpp = 4.75V to 5.25V, DVpp = 3V to 5.5V 
Ta = 20°C to 75°C 


Spurious Free Dynamic Range 


Analog Input Resistance 


Output Capacitance 


Digital Input Voltage 
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A/D CONVERTERS 


HIGH SPEED 


HI2303 


Electrical Specifications fc = 50 MSPS, AVpp = 5V, Vrap = 0.5V, Vat = 2.5V, Ta = 25°C 


PARAMETER SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Ta = 20°C to 75°C | 40 | = | 240 | pa | 
DVpp = 5V 
DVpp = 3.3V 
Ta=-20°Cto7s°c — |Vor=oav = | 24 | - | - | ma | 
DVpp = 8V to 5.5V 
| lon |ta=20%to7sc — Vor=ov | 40 |= | 40 | ma 
DVpp = 5V 
Ta=20%Ct0 75° flor=4ma | || ot | 


Digital Output Current 


lozL 


Digital Output Voltage 


DVpp = 3.3V 
ave |p pep 
NOTES: 


2. The offset voltage Eos is a potential difference between Arg, Brg, Crp and a point of position where the voltage drops equivalent to "fp 
LSB of the voltage when the output data changes from “00000000” to “00000001”. Eor is a potential difference between Apt, Brat, Cat 
and a potential of point where the voltage rises equivalent to "op LSB of the voltage when the output data changes from “11111111” to 
“11111110”. 


Ta = -20°C to 75°C 


(2V + Engr -Eap,) of each channel 
OT OB 


3. Full scale input ratio = Average of (2V + Eo, -Eo,) of each channel — 


1|x1 00(%) ‘ 


Timing fc =50 MSPS, AVpp = 5.V, DVpp = 5V or 3.3V, Vap = 0.5V, Vat = 2.5V, Ta = 25°C 


PARAMETER SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNIT 


Re LEE 
aren [pe 
| =| |» | se | 
CL = 15pF 
KOE = OV -+3V 
—_<—s aren [pw tf 
Le Se) 
C. = 15pF 
KOE = 0V-93V 
DVpp = 3.3V 
tPpLz 


Three-State Output Disable Time 


Ea Rd 
Clamp Pulse Width pth | CLK Conversion L # | L = | 
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Digital Output 


The following table shows the relationship between analog input voltage and digital output code. 
TABLE 1. VO CORRESPONDENCE 


DIGITAL OUTPUT 
INPUT SIGNAL CODE 


VOLTAGE 


Vats: Vert, VCRT 


VarsB, Vers: VCRB 0000 0000 


Test Circuits 


MEASUREMENT POINT DVpp 


TO OUTPUT PIN MEASUREMENT 
| POINT Ri 


CL 
TO OUTPUT PIN 
I" Ri 
NOTE: Cy, includes capacitance of probes. 
FIGURE 1. OUTPUT DATA DELAY MEASUREMENT CIRCUIT FIGURE 2. THREE-STATE MEASUREMENT CIRCUIT 


+5V 


{#------- = S1: ONIFA<B 
1 S2: ONIFB>A 


Vpp 


Art: Brat, Cat 


Ain, Bin, Cin 
DUT 


Cn Hi2303 8 


Ars, Bre, Cre 


000---00 
111-10 


CLK (50MHz) 
CONTROLLER 


FIGURE 3. INTEGRAL NON-LINEARITY ERROR, FIGURE 4. ANALOG INPUT RESISTANCE TEST CIRCUIT 
DIFFERENTIAL NON-LINEARITY ERROR AND 
OFFSET VOLTAGE TEST CIRCUIT 


4-155 


A/D CONVERTERS 


HIGH SPEED 


HI2303 


Test Circuits (continued) 


MODULATION 
ic BURST 
< 


0 
40“ sync 


HI20201 


VECTOR 
SCOPE 


620 


FIGURE 5. DIFFERENTIAL GAIN AND PHASE ERROR vs TEST CIRCUIT 


Vpp 


2.5V © Art; Bat, Cat 


Ain, Bin, Cin 


DATA 
Ars, Bas, Cre out 


Vpp 


Art, Bat, Crt 


Ain, Bin, Cin 


DATA 
Ars; Bas, Cas out 


FIGURE 6. DIGITAL OUTPUT TEST CIRCUIT 


Description of Operation 
Output Format 


The HI2303 can select six different types to output formats 
through a combination of the CTLO, CTL1 and CTL2 inputs 
as shown in the table below. Output is synchronized to the 
SY input signal transition from Low to High. 


TABLE 2. SETTING VALUES AND OUTPUT FORMATS 


reraeni[erco| woe] FORMAT 
OO C2 
os 
ae 


Note that when the SY input is open or Low level, the output 
format is mode #0 (4:4:4). However, when the SY input sig- 
nal temporarily goes to Low level for the mode switching, the 
mode changes as shown in Timing Chart II. When digital 
data is being output in the mode N output format, if the SY 
input signal changes from High level to Low level, the digital 
data continues to be output in the mode N output format for 
the following two clocks, The output format for the digital 
data output from the third to fifth clocks is not established, so 
its use is prohibited. If the SY input signal remains Low level, 
the digital data is output in the mode #0 output format from 
the sixth clock. After the SY input signal changes from Low 
level to High level, the digital data is output in the mode M 
output format from the sixth clock At this time, the data Out- 
put at the sixth clock is the data A/D converted from the ana- 
log input signal that was sampled at the falling edge of the 
clock input signal immediately after the SY input signal 
changes from Low level to High level. 


The output format control input signals CTL2, CTL1 and 
CTLO are fetched only in sync with the rising edge of the 
clock input signal after the SY input signal has risen. 
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Timing Diagrams 
CLOCK 
INPUT 
DIGITAL 
INPUT 
pierraL °-7¥00 
OUTPUT 0.3Vpp 
— | 
tPLH, 
tPHL 
FIGURE 7. 
ty = 4.5ns ty = 4.5ns 
OE INPUT 
oe 
! 
OUTPUT 1 = 1 
1 oO ww 
a \ Vor (DVss) ui O 
I 
= at Sz 
90% Vou (DVpp) O2 
OUTPUT 2 1.3V Ot 
es VoL < 
FIGURE 8. TIMING CHART I-2 
tpwi tpwo 
1 ' 1 1 ' 1 i] t 1 1 ' 1 ' 
| ] i | | 1 ! | | | | i 
| j i | I | { | | i i { 
CLOCK 
inpuT 1° i i i f 
ANALOG , ° : 8 : : . . . 
INPUT 0 . 5 
DIGITAL 
OUTPUT 


©: ANALOG SIGNAL SAMPLING POINT 


FIGURE 9. 
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Timing Diagrams (Continued) 


N+3 | N+4 + 


lee UU 
, nL SCE 


e712 TO CTLo eee 
= ee =~ ae 


OUTPUT AN) coy, th}, eo 


MODE N = PROHIBITED | MODE #0 | MODE M 


< 


FIGURE 10. 


Mode #0 4:4:4 


r——> BIT 
A73 


| |______»= SAMPLING TIMING (NOTE) 
ADC CHANNEL 


ADC CHANNEL OUTPUT DATA 


A70 A71 A72 A73 A74 A75 A76 A77 
AGO A6t A62 A63 A64 A65 A66 A67 
Aa 
A30 A31 A32 A33 A35 A36 A37 
ATO 
A00 A01 A02 A03 A04 AOS A06 AQ7 
B70 B71 B72 B73 B74 B75 B76 B77 
[86 | 860 | 861 | sea | pes | pos | 565 | 660 | 567 
[85] 850] 851_| B52 | 65s | ese | 655 | 656 | 857 
[ee [ ea | on | 502 | bas | a0 | 645 | Bae | 547 
[ss | 30 | 651 | 502 | 603 | 98 | 605 | 606 | 637 
[62 | 620 | ear | sz | 23 | sea | 625 | oo | 627 
pio | 11 | i | 613 | sr | ois | 616 | 817 
[80 | 800] 80r_| B02 | 603 | 60a | 605 | 06 | B07 
060 | csi 
C50 C51 C52 C53 C54 C55 C56 C57 
oar [042 a 
oat | 22 
C20 C21 C22 C24 C25 C26 C27 
om | ots | oie | oi 
| C03 


NOTE: See Figure 9. 
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Mode #2 4:2:2(D2) 


-——> BIT 
A73 


| L___ » SAMPLING TIMING (NOTE) 
ADC CHANNEL 
ADC CHANNEL OUTPUT DATA 
A70 AT71 A72 A73 A74 A75 A76 A77 


A60 A61 A62 AG63 AG5 AGG AG7 


w 
a) 
lala : 
_ @ 
° o 
@) (@) 
- ee) 
r=) Oo 
ve) w 
er a 
nm i) 
@) 2) 
=k wo 
nh nD 
B B 
QO (@) 
rs " 
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o o 
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ro) 
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QO 
So 
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re) 
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Q 
= 
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O 
<4 
ee 
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‘?) 
A) 
= 
N 


O 
no 
a 
N 


2 
= 
Ni 


QO 
ro) 


HiZ 


L HoH | tow | HoH | tow | HieH | tow | HoH | tow | 


HiZ: High Impedance 


TGR 


NOTE: See Figure 9. 
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Mode #3 4:2:2 (Special) 


-——> BIT 
A73 


| Ls» SAMPLING TIMING (NOTE) 
ADC CHANNEL 
ADC CHANNEL OUTPUT DATA 
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z 
on 
> 
> 
[o>] 
> 
> 
| 


mM 

> 
> 
> 
© 
> 
= 
> 
> 
Lye) 
>| >i >] > 

Gi 

o 

A 

N 


N 
w 
SI 
rs) 
Q 
= 
ow 
“I 
) 
.?) 
~ 
Pe) 


919 
ala 


C55 


2 
wo 
QO 
N 


228 
= 
nN 
dE 
2) 3 
BEGG 
oy oi 
O Ow} WO 
/s/e|8/8|s|¢| 
eja|2 
NIN 


QO 
Oo 
a) 
ie] 
o 
= 
O 
o 
a 
o 
ro) 
.@) 
o 
N 


: 
:1 0 
rs) 
QO 
= 


‘@) 
“i 
= 
N 


fo») 


oi 


iés) 


HiZ 
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HiZ: High Impedance 
NOTE: See Figure 9. 
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Mode #1 4:2:2 (8Fs) 


A73 


| = SAMPLING TIMING (NOTE) 
ADC CHANNEL 


A30 


A3 
na 
Al 


ee) 
Oo 
aS 


z| z 
oO 


QO 
> 


>| Siz 

ok i) 
>| > Pi Pt P| S| > 
GEEGEEEE 
2] 21 g] g] 21 3] 3 
EGu 

oO; 


(oe) 
© 
(o) 
B= 


| 


NOTE: See Figure 9. 
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Mode #4 4:1:1 


-—> BIT 
A73 


| ______»» SAMPLING TIMING (NOTE) 
ADC CHANNEL 
ADC CHANNEL OUTPUT DATA 


N 
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C24 C04 
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oe a?) 
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HiZ: High Impedance 
NOTE: See Figure 9. 
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Mode #5 4:1:1 (Special) 


-———> BIT 
A73 


| L_____» SAMPLING TIMING (NOTE) 
ADC CHANNEL 
ADC CHANNEL OUTPUT DATA 


A73 A74 A75 A76 


Oo 9 O 
a) b a 


9) 
no 


QO 
—) 


g 


HiZ: High Impedance 
NOTE: See Figure 9. 
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Mode #6, #7 - Simple Boundary Scan 1 and Scan 2 


The HI2303 has a simple boundary scan function. 


TABLE 3. SIMPLE BOUNDARY SCAN 


OUTPUT DATA 
MODE #6 MODE #7 


NOTE: CLK and SY must be set. 


2. Clamp Function 16 different reference levels can be selected for the digital 
clamp circuit through a combination of the REFO, REF1, 
REF2 and REFS inputs as shown in the table below. Note 
that the REFO, REF1, REF2 and REFS input signals are 
- The clamp pulse must be supplied externally. fetched asynchronously with the clock input signal. 


- The clamp circuit is not designed for V cycle clamping. 


The following two points should be noted when using the 
digital clamp circuit. 


TABLE 4. SETTING VALUES AND REFERENCE LEVEL 


SETTING REFERENCE LEVEL 


CHANNEL A CHANNELS B AND C 
DECIMAL BINARY DECIMAL BINARY 


1 00100000 8 10000000 
8 10000000 


co 
rm 
en 


- 
+ 


00110000 


—_ 


01000000 8 10000000 


00000001 


6 00010000 


00100000 


: 


> 
© 


00110000 


239 11101111 


- 
- 


7 
223 11011111 7 
207 11001111 7 
Z 


191 10111111 


11111110 


als 


239 11101111 


11011111 


12 
12 
12 
3 
12 
12 
12 
12 
20 


11001111 7 
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HI3026 


8-Bit, 120 MSPS, Flash A/D Converter 


Features Description 
¢ Differential Linearity Error ............... +0.5LSB The HI3026 is an 8-bit, high-speed, flash analog-to-digital 
¢ Integral Linearity Error .............00005 +0.5LSB Converter optimized for high speed, low power, and ease of 


Integral Linearity Compensation Circuit 

Low Input Capacitance ..............00eeeeee 21pF 
Wide Analog Input Bandwidth ............. 150MHz 
Low Power Consumption ..............0005. 760mW 
Internal "lp Frequency Divider Circuit (w/Reset Function) 
CLK/2 Clock Output 

Compatible with ECL, PECL and TTL Digital Input Levels 
1:2 Demultiplexed Output Pin 

Surface Mounting Package 

Direct Replacement for Sony CXA3026Q 


Applications 


RGB Graphics Processing (LCD, PDP) 
Digital Oscilloscopes 
Digital Communications (QPSK, QAM) 


use. With a 120 MSPS encode rate capability and full-power 
analog bandwidth of 150MHz, this component is ideal for appli- 
cations requiring the highest possible dynamic performance. 


To minimize system cost and power dissipation, only a +5V 
power supply is required. The HI3026’s clock input interfaces 
directly to TTL, ECL, or PECL logic and will operate with single- 
ended inputs. The user may select 16-bit demultiplexed output 
or 8-bit single channel digital outputs. The demultiplexed mode 
interleaves the data through two 8-bit channels at "fp the clock 
rate. Operation in demultiplexed mode reduces the speed and 
cost of external digital interfaces, while allowing the A/D con- 
verter to be clocked to the full 120 MSPS conversion rate. 


Fabricated with an advanced Bipolar process, the HI3026 is 
provided in a space-saving 48-lead MQFP surface mount 
plastic package and is specified over the -20°C to 75°C tem- 
perature range. For a faster clock rate, please refer to the 
HI3026A (140 MSPS), AnswerFAX Document number 4246. 


Ordering Information 


” 
Cc 
PART TEMP. RANGE Ww O 
e Magnetic Recording (PRML) NUMBER (°C) E + 
HI3026JCQ -20t075  |48LdMQFP | Q48.12x12-S = 
HI3026EVAL | —-25-—S_s Evaluation Board Sz 
of 
Pinout S 
HI3026 (MQFP) 
TOP VIEW 
rm ie 
FLEE 3 38 
ann 4 > ¥%¥ Of o500a 
ceeuzoooaaaa 
HUAVODOAOQUVOUNOHONE 
48 47 46 45 44 43 38 37 
DVee3 CL 10 TL) P1D3 
Vas CL j2 amet we Dg 
AGND CIL—1}3 TT p1p1 
Vramwi CL—14 ed P1DO 
AVcc CL I5 _——L) DGND2 
Vin CL—l6 PT PVec2 
Vrm2 (L_]|7 Cela OV CEH 
AVcc CITZI/8 [—1_) DGND1 
Vam3 CL — rT P2b7 
AGND -ro —l~} P2D6 
Vat CI —_1_) P2D5 
DGND3 CC ws PT) P2b4 
JUUUUUUUUUU* 
z22 5S a 2) 
a = 7 a8 fa & & 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 4-165 
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Block Diagram 


S MY) x Se) N > on 
Q Q a Q Q a Ow 
N N N N N N e 


(MSB) 


w zt © N = 
a Q a Q Q 


aoe 
(40) P1D7 

(33) P1D0 
(LSB) 


LNO TLL 4 


“TT TT TTT TTT yy 
ALAA KAAAAAAAAL: 


©) 
retTTTTy tH Pitt) 


(43) CLKOUT 


> 


5-29) —-20)82(41) —() 


—_—-— 


DVEE3 


DGND2 


SELECT DGND1 
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Absolute Maximum Ratings Ty, = 25°C Thermal Information 
Supply Voltage (AVcoc, DVcc1, DVcce) ....--..-- -0.5V to7.0V Thermal Resistance (Typical, Note 1) Oya (CCW) 
Ca piu tiwag ened sor iseneede ddan gagamses -0.5V to 7.0V MQEFP Package............. cece cece eeeeees 63 
0) -7.0V t00.5V_ Maximum Junction Temperature... ...........00. ee eee 150°C 
(DGND3 - DVEg3)..-- 66. eee eee eee -0.5V to 7.0V Maximum Storage Temperature Range ......... -65°C to 150°C 
Analog Input Voltage (Vin)... --.--+--2- eee Vat - 2.7V to AVcc ~—- Maximum Lead Temperature (Soldering 10s)............. 300°C 
Reference Input Voltage (Vpat).........-.0- eee eee 2.7V to AVcc (Lead Tips Only) 
(VEG h sn ere ence eb eset eee dnien nt ons Vin - 2.7V to AVoc 
(Naya Vapi ss ctx ncacr sce cceewesenecaceavaneeenn es 2.5V 
Digital Input Voltage 
ECL (***/E (Note 2)) 0.0.0... cece eee e cence DV Es to 0.5V 
Pee Fe) oe kee ntesuieotenearsenreck es -0.5V to DGND3 
iS ee ia) eee eee ee eee ee ere -0.5V to DVcc1 
Otter (SELECT) <6 ctkccedestavnvsesncewnwe -0.5V to DVcc1 
Vig (PE = "NIE (NCIS Sl) sec cscscinte adsense sageawes 2.7V 
Recommended Operating Conditions 
WITH A SINGLE POWER SUPPLY MIN TYP MAX WITH DUAL POWER SUPPLIES MIN TYP MAX 
Supply Voltage Supply Voltage 
DV e674; OV Gr: AV GG 22 nce wren necnes +4.75 +5.0 +5.25V DVioc1, D¥ece, AVOG «cence ccnnwess +4.75 +5.0 +5.25V 
DGND1, DGND2, AGND ............. -0.05 0 +0.05V DGND1, DGND2, AGND,. ..6 5 sse000s -0.05 0 +0.05V 
PONS iv ex crete ketene er cane ew bales +4.75 +5.0 +5.25V LRA O's £ataraGaddwe ete dase wedes -0.05 0 +0.05V 
iii sccccusswaverasueyicense ss 0.05 0 +40.05V  DWepg...... sc cece cece cece ea eeees 5.5 -5.0  -4.75V 
Analog Input Voltage (Vin).......--.-05 VrB - VAT Analog Input Voltage (Vij) ........---.- VRB - VAT 
Reference Input Voltage Reference Input Voltage 
Weel cgsacthowed quusassceavansters 42.9 - +41V Ur airs enstwasniesdesotaeeas 42.9 - 441V 
Wiiewoceasridecisceacerersadasnes 14  - +42.6V Does prin a ride nesdndaxareeedannshe 1.4 -  —- +2.6V 
Ver? VAG cten cen bhiddbi Renee Kees 1.5 - 2.1V Wet? VER cctipedstekokudenrannes 1.5 - 2.1V 
Digital Input Voltage Digital Input Voltage 
PEG PTE) Vill cacscwcaeeisess DGND3- 1.05 DGND3- 1.4V BN FE) Vik iv cennendusdwann DGND3- 1.05 DGND3- 0.5V 
PECL PPVE) Vit sexavevewnies as DGND3-3.2 DGND3- 1.4V BOL (PFE) Vil, cendnded ou wdoans DGND3-3.2 DGND3- 1.4V 
TTL (***/T, INV) Vie. cece eee eee eee 20V - “ TTL (**/T, INV) Vio. cece eee ee ee eee 20V - . 
TUL COG WY) Win xcxnotedasseasus : ‘ 0.8V TTL (***/T, INV) Vipw eee eee ee eee é ‘ 0.8V 
Other (SELECT) Viy........0.0e0e ee. - DVcc1 - Other (SELECT) Viy...........0005. - DVWcc1 - 
Other (SELECT) Vip ccssavisacswxaaee - DGND1 - Over (SELECT) Vil vvcncccesunde ned - DGND1 - 
VID (Note 3) (I***/E- ***N/El)........... 04 08 - Vip (Note 3) (I***/E- ***N/El) .......... 0.4 0.8 - 
Max Conversion Rate (fc, Straight Mode)... 100 - - Max Conversion Rate (fc, Straight Mode)... 100 - - 
MSPS MSPS 
Max Conversion Rate (f¢, DMUX Mode) .... 120 - - Max Conversion Rate (f¢, DMUX Mode).... 120 - - 
MSPS MSPS 
Ambient Temperature (Ta) ...........ee eee eens -20°C to 75°C Ambient Temperature (Ta)...........0. eee eee -20°C to 75°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. @ja is measured with the component mounted on an evaluation PC board in free air. 
2. ***/E and ***T indicate CLK/E and CLK’/T, etc., for the pin name. 
3. Vip: Input Voltage Differential. 


Electrical Specifications = DVo¢cj, 2, AVcc, DGND3 = +5V, DGND1, 2, AGND, DVeEg3 = OV, Vat = 4V, Vrp = 2V, 
Ta = 25°C 


[Panaweven | __Testconpmons [MN | WP | wax] UNITS 
Reston SiS td 


ANALOG INPUT 


Vin = +3.0V +0.07Vams 


Analog Input Current, lin 
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Electrical Specifications DVcc1, 2, Avcc, DGND3 = +5V, DGND1, 2, AGND, DVeg3 = OV, Vat = 4V, Va = 2V, 
Ta = 25°C (Continued) 


= [1 [= [0 


9.7 17.4 mA 


PARAMETER 
REFERENCE INPUT 


Reference Current (Note 5), IReF 


oO; O Be) 
#|#|2|& 
oe s 
= | 
5/5/3138 
S | > _ 
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©} oO 2 
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DIGITAL INPUT (ECL, PECL) 
Digital Input Voltage: High, Vip 


oO 
G) 
ine 
Oo 
a 
ho 


Digital Input Voltage: Low, Vj, DGNDS3 -1.4 


’ 


Digital Input Current: High, |)4 Vin = DGNDS - 0.8V +5 


Digital Input Current: Low, lj rg 
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~— 
ll 
‘e) 
a) 
Zz 
fe] 
ie) 
[°)) 
< 


4 
> 
= 
oO 
172) 
=i 
o 
jor 
< 
o 
-—« 
is) 
«© 
@ 
< 
— 
pa 
oO 
G) 
= 
Oo 
Ww 
_ 
Oo 
o1 


or 


Digital Input Capacitance 
DIGITAL INPUT (TTL) 
Digital Input Voltage: High, Vip 


Digital Input Voltage: Low, Vj, 
Threshold Voltage, Vy 


CO] w 
iyo) 
<|Z 


Digital Input Current: High, I) 


=| = 
riz 


Digital Input Current: Low, lI) 
Digital Input Capacitance 

DIGITAL OUTPUT (TTL) 

Digital Output Voltage: High, Von 
Digital Output Voltage: Low, Vo. 
SWITCHING CHARACTERISTICS 


Maximum Conversion Rate, fc 


loH = -2mA 
lot =1mA 


DMUX Mode 120 
Aperture Jitter, tay 


— 
oO 


Sampling Delay, tps 

Clock High Pulse Width, tpw4 
Clock Low Pulse Width, tpwo 
Reset Pulse Width, tpwr (Note 6) 
RESET Signal Setup Time, tps 
RESET Signal Hold Time, tay 
CLKOUT Output Delay, tocLK 


Data Output Delay (Note 6), tpo4 
tpo2 


C 

C ‘ 

RESETN 

RESETN-CLK 

RESETN-CLK 

(C_ = SpF) 

DEMUX Mode (C; = 5pF) 
(CL = 5pF) 

0.8 to 2.0V (C. = 5pF) 

0.8 to 2.0V (CL = 5pF) 


ee 
A 


A 


+ 


+ 


-~ 
Ph 


Output Rise Time, t, 

Output Fali Time, t; 

DYNAMIC CHARACTERISTICS 
Input Bandwidth VIN = 2Vp.p, -3dB 


S/N Ratio fo = 120 MSPS, fix) = 1kHz Full Scale, 
DMUX Mode 


fc = 120 MSPS, fix = 29.999MHz Full Scale, 
DMUX Mode 


~ 
N 
= 


o 
on 


o 
als j 
a 
N 
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Electrical Specifications DVo¢c¢j, 2, AVoc, DGND3 = +5V, DGND1, 2, AGND, DVegs = OV, Vat = 4V, Vrp = 2V, 
Ta = 25°C (Continued) 


PARAMETER TEST CONDITIONS | MIN’ | TYP) |) MAX UNITS 


Error Rate (Note 7) fo = 120 MSPS, fix) = 1kHz Full Scale, 10°12 TPS 
DMUX Mode, Error > 16 LSB 

fc = 120 MSPS, fix = 29.999MHz TPS 

Full Scale, DMUX Mode, Error > 16 LSB 

fc = 100 MSPS, fix = 24.999MHz 10°9 TPS 

Full Scale, Straight Mode, Error > 16 LSB 


POWER SUPPLY 


NOTES: 


7. The unit of measure TPS: Times Per Sample. 
(Vat~Vrp)* 


Py = (logtler)*Vect 
8. "bp = “oot'ee’* "ce oe 


Timing Diagrams 


VIN 


CLK 
mole: a 
nooosr KKK) YX 


tpo1 1 4 


| 
| 
! 
CLK OUT | 


RESET PULSE 


FIGURE 1. DEMUX MODE TIMING CHART (SELECT = Vcc) 
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Timing Diagrams 
VIN 
t 
I 
CLK 
I | | | | 


| 
l 
| 
J 
| 
2.0V %G 
i = | 
2.0V %, 
1 WN-5 1 


I tpo2 1 I | 
eee I | y y 
l 6ns , it ] l 
CLK OUT 2.0V\- | ] | 
(CLK IS INVERTED AND OUTPUT) osv-\ | l 
te__'DCLK os! | l 
] "| ] 
RESET PULSE 
FIGURE 2. STRAIGHT MODE TIMING CHART (SELECT = GND) 
DGND3 
[oe eee Vin (MAX) 
® 
_ Xs 
se ere Vit 
® ie 
[Se Ree Se eS ESS es oe we ee ee VtH (DGNDS - 1.2V) 
® ® Vv 
* . \ ID 
® ® 
+. eo ee Vin 
® 
® 
® 


ae eee ee Vit (MIN) 


FIGURE 3. ECL AND PECL SWITCHING LEVEL 


Pin Descriptions 


TYPICAL 
SYMBOL VOLTAGE LEVEL EQUIVALENT CIRCUIT DESCRIPTION 

3, 10 AGND Analog Ground. Separated from the 

digital ground. 
AVcc +5V (Typ) Analog Power Supply. Separated from 

the digital power supply. 

20, 29 DGND1 GND Digital Ground. 

32, 41 DGND2 

19, 30 DVcc1 +5V (Typ) Digital Power Supply. 

31, 42 DVcce2 


12 +5V (Typ) (With a Digital Power Supply. Ground for ECL 
Single Power Supply) input. -5V for PECL and TTL input. 
GND (With Dual 
Power Supplies) 
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Pin Descriptions (continued) 


TYPICAL 
SYMBOL VOLTAGE LEVEL EQUIVALENT CIRCUIT DESCRIPTION 


DVEE3 GND (With a Single Digital Power Supply. Ground for ECL 
Power Supply) input. -5V for PECL and TTL input. 
+5V (Typ) (With Dual 
Power Supplies) 


16, 17, NC No Connect pin. Not connected with 
18 the internal circuits. 


14 CLK/NE CLK/E Complementary Input. When left 
open, this pin goes to the threshold 
potential. Only CLK/E can be used for 
operation, but complementary input is 
recommended to attain fast and stable 
operation. 

RE- Reset Input. When the input is set to low 
SETN/E level, the built-in CLK frequency divider 
circuit can be reset. 

47 RESET/E RESETN/E Complementary Input. 

2 When left open, this pin goes to the 
: threshold voltage. Only RESETN/E 
can be used for operation. 


ce a : 


RESETN/T Reset Input. When left open, this input 
goes to high level. When the input is 
set to low level, the built-in CLK 
frequency divider circuit can be reset. 

INV TIL Data Output Polarity Inversion Input. 
" When left open, this input goes to high 
level. (See Table 1; I/O Correspondence 
Table). 
SELECT Voc or Ground Data Output Mode Selection. (See 
Table 2; Operating Mode Table). 
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Pin Descriptions (Continued) 


TYPICAL 
SYMBOL VOLTAGE LEVEL EQUIVALENT CIRCUIT DESCRIPTION 
11 VRT 4.0V (Typ) Top Reference Voltage. Bypass to 
AGND with a 1pF tantal capacitor and 
a 0.1pF chip capacitor. 
VRM3 VrB + Reference Voltage Mid Point. Bypass 
3 to AGND with a 0.1pF chip capacitor. 
4 (“rt - Vre) 
7 VRM2 VrB + 
2 
4 (rt - VRB) 
Bhi 1 


‘| 7 


ne 


33 to40} P1D0 to TTL 
P1D7 
21 to 28 P2D0 to 
P2D7 
: 


COMPARATOR 1 


COMPARATOR 63 
i] 


Reference Voltage Mid Point. Bypass 
to AGND with a 0.1pF chip capacitor. 


COMPARATOR 64 


COMPARATOR 127 
t 


COMPARATOR 128 
COMPARATOR 191 
| 


Reference Voltage Mid Point. Bypass 
to AGND with a 0.1pF chip capacitor. 


1 
q Vat - VrB) 


Bottom Reference Voltage. Bypass to 
AGND with a 1pF tantal capacitor and 
a 0.1pF chip capacitor. 


I 
COMPARATOR 192 

i 

i 


COMPARATOR 255 


Analog Input. 


COMPARATOR 


Port 1 Side Data Output. 
Port 2 Side Data Output. 


Clock Output. (See Table 2; Operating 
Mode Tabie). 
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TABLE 1. A/D CODE TABLE 


1000000 0j;0 111141 41~«4 
011111 %1%1410000000 


000000011 11411141 1 OF ° 
0000000 0}]1 111111 41 


Notes on Operation 


e The HI3026 is a high-speed A/D converter which is capable 
of TTL, ECL and PECL level clock input. Characteristic 
impedance should be properly matched to ensure optimum ° 
performance during high-speed operation. 


e The power supply and grounding have a profound influence 
on converter performance. The power supply and ground- 
ing method are particularly important during high-speed 
operation. General points for caution are as follows: 


To prevent interference between AGND and DGND and 
between AVcc and DVcc, make sure the respective pat- 
terns are separated. To prevent a DC offset in the power 
supply pattern, connect the AVcc and DV¢c¢ lines at one 
point each, via a ferrite-bead filter. Shorting the AGND 
and DGND patterns in one place immediately under the 
A/D converter improves A/D converter performance. 


Ground the power supply pins (AVcc, DVcc1,; DVcca, 
DVeEE3) as close to each pin as possible with a 0.1F or 
larger ceramic chip capacitor. (Connect the AVcc pin to 
the AGND pattern and the DVcc;, DVcce, DVEEs pins 
to the DGND pattern). 


The digital output wiring should be as short as possible. 
If the digital output wiring is long, the wiring capacitance 
will increase, deteriorating the output slew rate and 
resulting in reflection to the output waveform since the 
Original output slew rate is quite fast. 


The analog input pin Vij has an input capacitance of 
approximately 21pF. To drive the A/D converter with 
proper frequency response, it is necessary to prevent per- 
formance deterioration due to parasitic capacitance or 
parasitic inductance by using a large capacity drive circuit; 
keeping wiring as short as possible, and using chip parts 
for resistors and capacitors, etc. 

The Vpt and Vaz pins must have adequate bypass to pro- 
tect them from high-frequency noise. Bypass them to 
AGND with approximately 1uF tantal capacitor and, 0.1pF 
capacitor. At this time, approximately DGNDS3 - 1.2V voltage 
is generated. However, this is not recommended for use as 
threshold voltage Vpp as it is too weak. 


- The ground pattern should be as large as possible. Itis | When the digital input level is ECL or PECL level, “**/E pins 
recommended to make the power supply and ground should be used and my pins left open. When the digital 
patterns wider at an inner layer using a multi-layer !nput level is TTL, ***/T pins should be used and III/E pins 
board. left open. 


Test Circuits 


4V o 
1.95V © 


9 SMHz PECL 


2vV © 


FIGURE 4. CURRENT CONSUMPTION MEASUREMENT 
CIRCUIT 
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S1: ON WHEN A<B 
S2: ON WHEN A>B 


see ee ee oe ol 


FIGURE 5. INTEGRAL LINEARITY ERROR/DIFFERENTIAL 
LINEARITY ERROR MEASUREMENT CIRCUIT 
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Test Circuits (Continued) 


SIGNAL 
SOURCE 


fc 
4 -1kHz 


2Vp.p SINE WAVE 


SIGNAL 


100MHz 
AMP 
Osc 
: VARIABLE le 
1024 

> SAMPLES 

ECL 

BUFFER 


100MHz 


FIGURE 7. SAMPLING DELAY/APERTURE JITTER 
MEASUREMENT CIRCUIT 


A 


—— Vat 
Vin -~~pP- a =e eae = Vee 
— Vre 
At 128 
o (LSB) 
VIN 127 
126 
125 


CLK — fF SAMPLING TIMING FLUCTUATION 
(= APERTURE JITTER) 
NOTE: Where o (LSB) is the deviation of the output codes when the 


largest slew rate point is sampled at the clock which has exactly the 
same frequency as the analog input signal, the aperture jitter ta) is: 


Av 256 


FIGURE 8. APERTURE JITTER MEASUREMENT METHOD 


Operating Modes 


The HI3026 has two types of operating modes which are selected with Pin 45 (SELECT). 
TABLE 2. OPERATING MODE TABLE 


DMUX Mode (See Application Circuits, Figures 18, 19, 20) 


Set the SELECT pin to Vcc for this mode. In this mode, the 
clock frequency is divided by 2 in the IC, and the data is out- 
put after being demultiplexed by this "fp frequency divided 
clock. The Yo frequency divided clock, which has adequate 
setup time and hold time for the output data, is output from 
the CLKOUT pin. 


When using multiple HI3026 units in parallel in this mode, dif- 
ferences in the start timing of the " frequency divided clock 
may cause operation as shown in the figure below. As a coun- 


OPERATING MAXIMUM 
MODE SELECT CONVERSION RATE DATA OUTPUT CLOCK OUTPUT 
DMUX Mode Voc 120 MSPS Demultiplexed Output The input clock is '/> frequency 
60 MBPS divided and output at 60MHz. 
Straight Mode 100 MSPS Straight Output 100 MBPS The input clock is inverted and 
output at 100MHz. 


termeasure, the HI3026 is equipped with a function which 
resets the "fp frequency divided clock. When resetting this 
clock, the RESET pulse must be input to the RESET pin. See 
the Timing Charts for the RESET pulse input timing. The A/D 
converter can operate at fo (Min) = 120 MSPS in this mode. 


Straight Mode (See Application Circuits, Figures 21, 22, 23) 


Set the SELECT pin to GND for this mode. In this mode, data 
output can be obtained in accordance with the clock frequency 
applied to the A/D converter for applications which use the 
clock applied to the A/D converter as the system clock. 
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The A/D converter can operate at fc (Min) = 100 MSPS in TABLE 3. LOGIC INPUT LEVEL AND POWER SUPPLY SETTINGS 
this mode. 


DIGITAL 

Digital Input Level and Supply Voltage Settings INPUT SUPPLY APPLICATION 

The logic input level for the HI3026 supports ECL, PECL and caine ibm CIRCUITS 
TTL levels. Figures 18, 21 
The power supplies (DVee3, DGND3) for the logic input Figures 19, 22 
block must be set to match the logic input (CLK and RESET Figures 20, 23 

signals) level. 

' i] i] i] i] 1 } 
CLK 
I | 1 | 
HI3026 CLKOUT ! ' ; ; l 


CLK 


HI3026 
CLK 


a 


CLK 
RESETN 


HI3026 


A/D CONVERTERS 
HIGH SPEED 


RESET PULSE 
FIGURE 10. WHEN THE RESET PULSE IS USED 


Typical Performance Curves 


170 170 

< < 

E E 

: 160 : 160 

= s 

B 150 B 150 

: 5 

8 5} 

140 Z 140 

rc ig _— = kHz 

— ° 430 | DMUX MODE 

C, = 5pF 
-25 25 75 
AMBIENT TEMPERATURE (°C) CONVERSION RATE (MSPS) 
FIGURE 11. CURRENT CONSUMPTION vs AMBIENT FIGURE 12. CURRENT CONSUMPTION vs CONVERSION RATE 
TEMPERATURE CHARACTERISTICS CHARACTERISTICS RESPONSE 
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Typical Performance Curves (continued) 


3 Z 
— — 
Wi _ 
c Ww 
oc c 
po] c 
6) i) 
re) 15 
3 rt 
5 ci 
aul LL 
: : 
a 
10 
-25 25 75 
ANALOG INPUT VOLTAGE (V) AMBIENT TEMPERATURE (°C) 
FIGURE 13. ANALOG INPUT CURRENT vs ANALOG INPUT FIGURE 14. REFERENCE CURRENT vs AMBIENT 
VOLTAGE CHARACTERISTICS TEMPERATURE CHARACTERISTICS 
fin = CLK -tkHz 
ERROR > 16 LSB 
4 
a > 
ao) 
& 
& 5 
c 
c 
Ww 
INPUT FREQUENCY (MHz) CONVERSION RATE (MSPS) 
FIGURE 15. SNR vs INPUT FREQUENCY RESPONSE FIGURE 16. ERROR RATE vs CONVERSION RATE 


CHARACTERISTICS 


170 | fin= ~CLK -1kHz 


ERROR > 16 LSB 
ERROR RATE: 10° TPS 


140 


MAXIMUM CONVERSION (MSPS) 
a 
i=) 


AMBIENT TEMPERATURE (C°) 


FIGURE 17. MAXIMUM CONVERSION RATE vs AMBIENT TEMPERATURE CHARACTERISTICS 
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Application Circuits 


+5V Oh 
ECL RESET PULSE 2 | ay 
-5V (D) Ke GOCOSOQVOO OD © 8-BIT DIGITAL DATA 
AG <}4H(2) BS) 4 SIT picrrAL DATA LATCH 
aa <= . S 
+5V (A) (5) @) - Gea 
S s +5V (D) 
+5V (A) (3) €) _ 
(9) (28) 
ee o ms P2D0 TO P2D7 8-BIT DIGITAL DATA 
og AY D oS 8-BIT DIGITAL DATA | || LATCH 
(1 3NC1 4X1 5X1 6X 17K 18N(1 9X 20X21 22K 2324) 


ECL - CLK | 


+5V o 


FIGURE 18. DMUX ECL INPUT 


+5V (D) 
DG 
PECL RESET PULSE > aay ae 
0G KI DXRLXILIIIIEG Das 
DG <A * (35) 
AG < e = 
+5V (A) (5) (32) 
AG <HH{6) (31) 
i (30) 
+5V (A) © (29) 
(9) (28) 
as <}-—{ig @ 
AG <}4HG1) (26) 
a NOOO OOOO DOO 
PECL - CLK ae 
+5V fi 


FIGURE 19. DMUX PECL INPUT 
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P2D0 TO P2D7 
8-BIT DIGITAL DATA 
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DG 


+5V (D) 


DG 


8-BIT DIGITAL DATA 
LATCH 
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Application Circuits (Continued) 


+5V (D) 
DG 
TTL RESET PULSE i aR 
DG se YOODOSCOOOOg © 8-BIT DIGITAL DATA 
AG (2) Cs) BIT DIGITAL DATA | | LATCH 
AG gp 2V_(3) @) 
+5V (A) ~ . 7 ems: 
as te S 2 +5V (D) 
+5V (A) 9 2 _ 
. 19 Y P2D0 TO P2D7 8-BIT DIGITAL DATA 
sj 4V ® @ 8-BIT DIGITAL DATA LATCH 
+5V (D) (12) (25) 
(131 4X1 SK EX I7K18X1 9K AOKV1K22K23K24) 
TTL - CLK e- if _——t 
+5V (D) 
FIGURE 20. DMUX TTL INPUT 
+5V (D) 
DG DG 
5V (D) Ke VOODOO DOO® Zas eananeeeiae _ 8-BIT DIGITAL DATA 
AG (2) (3s) 8-BIT DIGITAL DATA 
AG (3) (34) 
(4) G3) A 
+5V (A) (5) (32) 
ac OH @ 
7 Go) 
+5V (A) Oo &) 
(9) (28) 
AG (10) (27) 
AG 00 (11) (26) 
(12) 25) 
(131 415X161 7X 18K 1 SK 2OK21N22K23N(24) 
<tett 
} ecL-TT 


+5V a 


FIGURE 21. STRAIGHT ECL INPUT 
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Application Circuits (continued) 


+5V (D) 
DG 


(484746 X45 4443424 140393837) 
= & (36) P1D0 TO P1D7 _— 
AG <1 (2) (35) 8-BIT DIGITAL DATA 
2V 
AG <J © (34) 
(4) G3) A 
+5V (A) (5) 632) 
AG <H(VUP{5) 61) 
i? G0) 
+5V (A) (8 ) (29) 
(9) 28) 
AG < (10) (07) 
AG * (26) 
+5V(D) «__4V 5) 
“pposoopposed 
meth 
| PECL-TT. | 
+5V o 
FIGURE 22. STRAIGHT PECL INPUT 
+5V (D) 
DG 
(4847464544 434214140 39X38)37) 
ry, 2 ee oxra | LaTen 
AG © (34) 
(4) G3) : 
+5V (A) (5) (32) 
AG <HUH{6) (31) 
ao G0) 
+5V (A) © (29) 
(9) 28) 
AG < (10) (27) 
AG <7 (11) 06 
+5V(D) (12) (25) 
(1301 41 5NC1 617K 1 8X1 9X AONKV1K 222324) 
eco ll 


+5V 


FIGURE 23. STRAIGHT TTL INPUT 
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Application Circuits (continued) 


AG 
A 
ANALOG 
WD input 
4ve > AG 
” ys | 4 AG +5V (A) > 2V 
+ 
1pF /N | 
(D) DG V3 , m NO 
pw 


TTL CLK 0=(> 
eg ns 2 8 8 

toons = x 
inal eae HT 
i 

Sn a2 288 5 ZS 5 8 B 3 

SS a8 Sf ¢ 2 ae = 

a [os] fee} 

= 2 =| 


— SHORT THE ANALOG SYSTEM AND DIGITAL SYSTEM AT ONE POINT IMMEDIATELY 
UNDER THE A/D CONVERTER. SEE THE NOTES ON OPERATION 


—|}— IS THE CHIP CAPACITOR OF 0.1)F. 


FIGURE 24. STRAIGHT MODE TTL I/O (WHEN A SINGLE POWER SUPPLY IS USED) 
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Features 


HI3026A 


8-Bit, 140 MSPS, Flash A/D Converter 


Description 


e Differential Linearity Error ............... +0.5LSB The HI3026A is an 8-bit, high-speed, flash analog-to-digital 


e Integral Linearity Error ...............006- +0.5 LSB 


e Integral Linearity Compensation Circuit 
e Low Input Capacitance 

Wide Analog Input Bandwidth 

Low Power Consumption 


converter optimized for high speed, low power, and ease of 
use. With a 140 MSPS encode rate capability and full-power 
analog bandwidth of 150MHz, this component is ideal for appli- 
cations requiring the highest possible dynamic performance. 

To minimize system cost and power dissipation, only a +5V 
power supply is required. The HI3026A’s clock input interfaces 
directly to TTL, ECL, or PECL logic and will operate with single- 


Internal "Ip Frequency Divider Circuit (With Reset ended inputs. The user may select 16-bit demultiplexed output 


Function) 
CLK/2 Clock Output Pin 


Compatible with ECL, PECL and TTL Digital Input Levels 


1:2 Demultiplexed Output 


¢ Direct Replacement for Sony CXA3026A 


Applications 

¢ RGB Graphics Processing (LCD, PDP) 
° Digital Oscilloscopes 

¢ Digital Communications (QPSK, QAM) 
e Magnetic Recording (PRML) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


Copyright © Harris Corporation 1997 


On oonart WN = 


or 8-bit single-channel digital outputs. The demultiplexed mode 
interleaves the data through two 8-bit channels at "fp the clock 
rate. Operation in demultiplexed mode reduces the speed and 
cost of external digital interfaces, while allowing the A/D 
converter to be clocked to the full 140 MSPS conversion rate. 


Fabricated with an advanced bipolar process, the HI3026A is 
provided in a space-saving 48-lead MQFP surface mount 
plastic package and is specified over the -20°C to 75°C 
temperature range. 


Ordering Information 
NUMBER RANGE (°C) 


HI3026A (MQFP) 
TOP VIEW 


——T} RESET/E 
$1(__1LJ RESET/T 
-—LJ DVec2 
| } DGND2 


N 


O 2|—T RESETNWE 
RO 
= 


_ 
© 
nN 


DVcc2 CL— 
DGND2 CT | 


File Number 4246 
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Block Diagram 
AVoc ee DVect DVece DGND3 
O® @ 63) (YQ) 
Vat (11) 


ia 
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a] 
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= 
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SELECT DGND1 DGND2 DVEE3 
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Absolute Maximum Ratings Ty, = 25°C Thermal Information 
Supply Voltage Thermal Resistance (Typical, Note 1) Oya (CCW) 
AVcc: DVcc1: Voce... ieee eee eee eee “0.5Vto7.0V = MQFP Package....... 20.0. ccc ce cece ee ueaes 63 
DGNDS .. 1.6. eee eee eee eee ees -0.5V to7.0V Maximum Junction Temperature..............0.000 00: 150°C 
DVEE3 CHEK RVR SER | a BUDE OD ODES GCS So oes B08 -7.0V to 0.5V Maximum Storage Temperature Range ewe eke e -65°C to 150°C 
DGNDS - DVEE3.«..-.- 1 eee ee eee eee eee -0.5V to 7.0V Maximum Lead Temperature (Soldering 10s)............. 300°C 
Analog Input Voltage (Vij)... 2.6... ee eee eee Vat -2.7V to AVcc (MQFP - Lead Tips Only) 
Reference Input Voltage 
lS SEE EC TUR TE TC CT EE TTT ree 2.7V to AVcc 
Lee eee ee eee re eee ee Vin - 2.7V to AVcc 
Ditn = WED o Var obec Sten onk bERds. Och ed EN oN eae mearneE 2.5V 
Digital Input Voltage 
EOL P(E (NSIS BY) cccccctnceisence sneer ees DVeg3 to 0.5V 
PEGE VE) scantveeneexeeontaenvaes peas -0.5V to DGND3 
Tle 11, Wah loa es 86send beeeSees tava seews -0.5V to DVcc 
Oiner (SELEGT) occa csc nev janen sec enawes -0.5V to DVcc1 
Vig (PVE = NE! (NOS: S)) oc ewan cccck cance see ncannen 2.7V 
Recommended Operating Conditions 
WITH A SINGLE POWER SUPPLY MIN TYP MAX ~ WITH DUAL POWER SUPPLIES MIN TYP MAX 
Supply Voltage Supply Voltage 
OV 001, DVGGd, AVOG «esr cnwceens +4.75 +5.0 +5.25V DViog4 , OViens, AVGG «x xcacensanses +4.75 +5.0 +5.25V 
DGND1, DGND2, AGND ............. -0.05 0 +0.05V DGND1, DGND2, AGND............. -0.05 0 +0.05V 
le oth onac edi penenwaseeaeeepes +4.75 +5.0 +5.25V CGMS .tanirendoarse seen sheers. -0.05 0 +0.05V 
VEO: ote nein drnk sete sbedebdawees -0.05 0 +0.05V PGE on curedcnuknevashned Satan iin 5.5 -5.0 -4.75V 
Analog Input Voltage (Vijy))......-..-25-- VrB - VAT Analog Input Voltage (Vin) ............- VrB - VAT 
Reference Input Voltage Reference Input Voltage 
Vill in do Po assuns oo ontsalepeeed sec +2.9 - +4.1V WP pane otek 6eaeed kee ade beeamaEs +2.9 - +4.1V 
WAS in dts ea eek a ede eh be ones 1.4 . +2.6V EE Acar h eta eee news aneee awe 1.4 - +2.6V 
LS Gh: ELT ECE SECRETE eee 15 - 2.1V Wer? VAR v6dnvew enews ees ceedaniews 10 - 2.1V 
Digital Input Voltage Digital Input Voltage 
Pe VE) Vi skew nrc ed owees DGND3- 1.05 DGND3- 1.4V ECL (VE) Way OGNDS « ccns ne as DGND3- 1.05 DGND3-0.5V 
PECL (UE) Vip. wswnssesnees nex DGND3-3.2 DGND3- 1.4V ECL (***/E) Vy, DGNDS.......... DGND3-3.2 DGND3- 1.4V 
TTL oY) Vit iv dase sixes es 2 ees 2.0V ~ - ThE ri I) Vil ds noxenerebwoseae 2.0V - - 
THE Gv INV) Ve dc snseeeces ceewnas . - 0.8V TTL PTT, INV) Vi, caciecsccs scence - - 0.8V 
Oar (SELECT) View. 62 cx dondveeensws - DVoc1 - Other (SELECT) Vipy ows. c ccc cecenes - DVcc1 ~ 
Other (SELECT) Vil «nvinesccwnsec nen - DGND1 - Other (SELECT) Vip ccccvccsvssensas - DGND1 - 
Vip (Note 3) (I***/E- ***N/El)........... 0.4 0.8 - Vip (Note 3) (I***/E- ***N/El) .......... 0.4 0.8 . 
Max Conversion Rate (fc, Straight Mode)... 100 - . Max Conversion Rate (fc, Straight Mode)... 100 - - 
ni eked Uses one been oe dneumeaner asia MSPS LAosseStessouen Gveeteneshunadanedse Meer e 
Max Conversion Rate (fc, DMUX Mode) ..... 140 - . Max Conversion Rate (f¢, DMUX Mode).... 140 - - 
SAV Pasedaue ea he eere cauvn eeewsreees? MSPS (Laternkeaeoew nvewece Guay codewane eee 
Ambient Temperature (Ta) ..........00ee eee cece -20°C to 75°C +~=Ambient Temperature (Ta)............0000 eee eee -20°C to 75°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. Oya is measured with the component mounted on an evaluation PC board in free air. 
2. ***/E and ***T indicate CLK/E and CLK‘/T, etc. for the pin name. 
3. Vip: Input Voltage Differential. 


Electrical Specifications = DVoc1, 2, AVcc, DGND3 = +5V, DGND1, 2, AGND, DVeg3 = OV, Vat = 4V, Vrp = 2V, 
Ta = 25°C 


PARAMETER SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
rom CUTTTCSC~SYSSC‘dYS tT 


DC CHARACTERISTICS 


Integral Linearity Error VIN = 2Vp-p, fc = 5 MSPS 
Differential Linearity Error 
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Electrical Specifications DVc¢c, 2, Avcc, DGND3 = +5V, DGND1, 2, AGND, DVgg3 = OV, Vat = 4V, Vrs = 2V, 
Ta = 25°C (Continued) 


[PARAMETER | SYMBOL] _TESTCONDTIONS | MIN] TvP | MAX] UNTTS| 

ANALOG INPUT 

a 

[anaiog inputResistance [Ain eS 
[of | 00 | 


Analog Input Current | in | 
RREF 


REFERENCE INPUT 
ee 
a 


Vin = +3.0V + 0.07Vams 


) 
) 


Din 
QQ) ala 
PIZIisls 
OORT 
<j<|3]5 
olo;lotro 
clei- t= 
o1/o/Ci8 
“= FF as. 
<l/</|o]a% 
22 |2|8 
H|HIZ1S 
olal xia 
o;o;/O1z2 
a}e 
ro) 
a. 

m 

Oo 

— 


o 
@ 
=f 
> 
re 
z 
U 
Cc 
= 
Tm 
oO 
r 
vU 
m 
2) 
a 


Digital Input Voltage: High 
Digital Input Voltage: Low 


Oo 
G) 
= 
oO 
on) 
_ 
o 
a 
E 


Ba 


DGND3 - 3.2 


L 
DGNDS - 1.2 


Digital Input Current: High +50 


i 


‘ 
MS 


Digital Input Current: Low 


= 
<|< 
~~ ix 
| 1 
vlo 
a16 
Sis 
ols 
=lo 
[op) 
<|< 


I 


oO 


ke 


4+ 
Zz 
= 
© 
72) 
= 
o 
Qa 
< 
e 
- 
ie) 
ve) 
@ 


ao) 
TN 


Digital Input Capacitance 
DIGITAL INPUT (TTL) 
Digital Input Voltage: High 
Digital Input Voltage: Low 
Threshold Voltage 

Digital Input Current: High 


=> 
rE 


Digital Input Current: Low 


_ 

= 
I 
(2) 
ho 
<x 


IL 
Digital Input Capacitance 


DIGITAL OUTPUT (TTL) 

Digital Output Voltage: High 
Digital Output Voltage: Low 
SWITCHING CHARACTERISTICS 
Maximum Conversion Rate 


a | 
es 
= 
= 
-) 
or 
< 


no) 
n 


IOH = -2mA 
lo = 1mA 


<|- 


VOH 
VoL 


fc DMUX Mode 140 


Aperture Jitter tay 


Sampling Delay 

Clock High Pulse Width 
Clock Low Pulse Width 
Reset Pulse Width (Note 6) 
RESETN_CLK Setup 
CLKOUT Output Delay 
Data Output Delay (Note 6) 


CLK 

CLK 

RESETN 

RESETN-CLK 

(CL = 5pF) 

DMUX Mode (C,_ = 5pF) 
(C_ = SpF) 

0.8V to 2.0V (C, = 5pF) 


0.8V to 2.0V (C, = 5pF) 
Vin = 2Vp.p, -3dB 150 


fc = 140 MSPS, fin = 1kHz 
Full Scale, DMUX Mode 


fo = 140 MSPS, fix = 34.999MHz 
Full Scale, DMUX Mode 


tpwi1 
tpwo 
tpwR 
t_RST 
tDCLK 


~ 
+ 


oo 
ro) 
— 
+i ~N 
—_, 


Output Rise Time 

Output Fall Time 

DYNAMIC CHARACTERISTICS 
Input Bandwidth 

S/N Ratio 


MHz 


a coe 
Oo Oo 
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Electrical Specifications DVo¢c¢ 1, 2, AVoc, DGND3 = +5V, DGND1, 2, AGND, DVegs = OV, Vat = 4V, Vap = 2V, 
Ta = 25°C (Continued) 


PARAMETER SYMBOL TESTCONDITIONS | MIN | TYP | MAX | UNITS 


| = te 


Full Scale, DMUX Mode, 
Error > 16 LSB 
of - 
TPS 
(Note 7) 
POWER SUPPLY 
Supply Current 


fc = 140 MSPS, 
fin = 34.999MHz Full Scale, 
Supply Current | lee | 
Power Consumption (Note 8) F Pp 


DMUX Mode, Error > 16 LSB 
NOTES: 


fo = 100 MSPS, 

fin = 24.999MHz Full Scale, 
4. Rrer: Resistance value between Vat and Vas. 
Vat— Vrs 


Straight Mode, Error > 16 LSB 
RREF 


5. Ine = 


7. TPS = Times Per Sample. 


(Vat -Vrp)? 
a. Po = Ceo +! ee) * Yeg t§ 


VREF 
Timing Waveforms a 
& 
VIN : = 
CLK é ‘ 
pw | ! — ae , ) 
VVVVVV VVVVVV : 
mooroor OANA AMAA ! ! 
P2D0 TO D7 
CLK OUT 
RESET PULSE 


FIGURE 1. DEMUX MODE TIMING CHART (SELECT = Vcc) 
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Timing Waveforms (Continued) 


I 
| tow! 
=——! 
I 


VIN 


2.0V *%G 

| : | 
2.0V 

| N-5 Vv I 


i_—_doz_ 

| | I I ! ! 

CLK OUT : 2.0V\- | ) , : 

(CLK IS INVERTED AND OUTPUT) o8v-y | , 
| tpcLk 14 1 

I I l 


I 
RESET PULSE ' ' 


FIGURE 2. STRAIGHT MODE TIMING CHART (SELECT = GND) 


4 Vin (MAX) 
® 
.; 

=o EB eee BeBe eee ee eemwooee VY 

*. ad a= IL 


® ® 


~) 
@) 
= 
oO 
x) 


Se ee enmu eee eee eee ew ew 2 ee Se nenne eB eB eee ee eee eee eee VtH (DGND3 -1.2V) 
® © Vv 
® 
% 7 y “0 


® Se ee ae @ Vin 


See e eee Vit. (MIN) 


FIGURE 3. ECL AND PECL SWITCHING LEVEL 


Pin Descriptions 
TYPICAL 
VOLTAGE 


‘enn SYMBOL . LEVEL EQUIVALENT CIRCUIT DESCRIPTION 


AGND Analog Ground. Separated from the digital 
ground. 
AVcc +5V (Typ) Analog Power Supply. Separated from the 
digital power supply. 
DGND1 Digital Ground. 
DGND2 
19, 30 DVcci +5V (Typ) Digital Power Supply. 
31, 42 DVcce 
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Pin Descriptions (Continued) 


12 +5V (Typ) (With a 
Single Power 
Supply) 
GND (With Dual 
Power Supplies) 


TYPICAL 
VOLTAGE 
LEVEL 


EQUIVALENT CIRCUIT 


1 DVEE3 GND (Witha Single 
Power Supply) 
-5V (Typ) (With 
Dual Power 
Supplies) 


DESCRIPTION 


Digital Power Supply. Ground for ECL 
input. +5V for PECL and TTL input. 


Digital Power Supply. -5V for ECL input. 
Ground for PECL and TTL Input 


16, 17, NC 
18 


- i 


= a 


— o 


a 
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No Connect pin. Not connected with the 
internal circuits. 

Clock Input. 

CLK/E Complementary Input. When left 
open, this pin goes to the threshold 
potential. Only CLK/E can be used for 
operation, but complementary input is 
recommended to attain fast and stable 
operation. 


Reset Input. When the input is set to low 
level, the built-in CLK frequency divider 
circuit can be reset. 


RESETN/E Complementary Input. When left 
open, this pin goes to the threshold voltage. 
Only RESETNE can be used for operation. 


Clock Input. 


Reset Input. When left open, this input 
goes to high level. When the input is set to 
low level, the built-in CLK frequency divider 
circuit can be reset. 


Data Output Polarity Inversion Input. When 
left open, this input goes to high level. (See 
Table 1, |/O Correspondence Table.) 
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Pin Descriptions (continued) 


TYPICAL 
VOLTAGE 
SYMBOL LEVEL EQUIVALENT CIRCUIT DESCRIPTION 


: SELECT . Voc or GND Data Output Mode Selection. (See Table 2, 
RT 


Operating Mode Table.) 
yey _ 
VRM3 VrB + 
3 
q (VrT- VRB) 


Vrp t+ 


Top Reference Voltage. By-pass to AGND 
with a 1pF tantal capacitor and a 0.1pF 
chip capacitor. 


Reference Voltage Mid Point. Bypass to 
AGND with a 0.1p.F chip capacitor. 


COMPARATOR 1 


COMPARATOR 63 


Reference Voltage Mid Point. Bypass to 
AGND with a 0.1,F chip capacitor. 


2 
z (VrT- Vre) COMPARATOR 64 


COMPARATOR 127 


Reference Voltage Mid Point. Bypass to 
AGND with a 0.1pF chip capacitor. 


Vrep t+ 


COMPARATOR 128 
COMPARATOR 191 


: (Vat - VRB) 


VRB : 2.0V (Typ) 


Bottom Reference Voltage. Bypass to 
AGND with a 1yF tantal capacitor and a 
0.1F chip capacitor. 


COMPARATOR 192 
‘ 
‘ 


‘ 
COMPARATOR 255 


Analog Input. 


: | 7 


33 to 40 | P1D0 to TTL 
P1D7 
P2D0 to 
P2D7 


w - 7 


Port 1 Side Data Output. 
Port 2 Side Data Output. 


Clock Output. (See Table 2, Operating 
Mode Table.) 
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TABLE 1. A/D CODE TABLE 


25 TT T1T1rbibtinod@o000 0 
11314313911 103000000041 


10000000 
oF 77329 4 7 


011114141 1 
10000000 


0000000 1 
00000000 


Notes On Operation 


e The HI3026A is a high-speed A/D converter which is 
capable of TTL, ECL and PECL level clock input. Charac- 
teristic impedance should be properly matched to ensure 
optimum performance during high-speed operation. 


¢ The power supply and grounding have a_ profound 
influence on converter performance. The power supply 
and grounding method are particularly important during 
high-speed operation. General points for caution are as 
follows: 


- The ground pattern should be as large as possible. It is 
recommended to make the power supply and ground 


patterns wider at an inner layer using a multi-layer board. 


To prevent interference between AGND and DGND and 
between AVcoc and DVcc, make sure the respective pat- 
terns are separated. To prevent a DC offset in the power 
supply pattern, connect the AVcoc and DV¢c lines at one 
point each via a ferrite-bead filter. Shorting the AGND 
and DGND patterns in one place immediately under the 
A/D converter improves A/D converter performance. 


Ground the power supply pins (AVcc, DVoc1, DVcco, 
DVeEgE3) as close to each pin as possible with a 0.1pF or 
larger ceramic chip capacitor. (Connect the AVcc pin to 
the AGND pattern and the DV¢c;, DVcco, iis pins 
to the DGND pattern.) 


The digital output wiring should be as short as possible. 
If the digital output wiring is long, the wiring capacitance 
will increase, deteriorating the output slew rate and 
resulting in reflection to the output waveform since the 
original output slew rate is quite fast. 


The analog input pin Vij has an input capacitance of 
approximately 21pF. To drive the A/D converter with 
proper frequency response, it is necessary to prevent per- 
formance deterioration due to parasitic capacitance or 
parasitic inductance by using a large capacity drive circuit, 
keeping wiring as short as possible, and using chip parts 
for resistors and capacitors, etc. 


The Vrr and Vpp pins must have adequate bypass to 
protect them from high-frequency noise. Bypass them to 
AGND with approximately 1pF tantal capacitor and, 0.1p,F 
capacitor as short as possible. 

When the digital input level is ECL or PECL level, ***/E 
pins should be used and ***/T pins left open. When the 
digital input level is TTL, ***/T pins should be used and 
III/E pins left open. 


Test Circuits 


4V 
1.95V © 


9 5MHz PECL 


2vV c 


FIGURE 4. CURRENT CONSUMPTION MEASUREMENT 
CIRCUIT 
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S1: ON WHEN A<B 
S2: ON WHEN A>B 


TO 
111..10 


FIGURE 5. INTEGRAL LINEARITY ERROR/DIFFERENTIAL 
LINEARITY ERROR MEASUREMENT CIRCUIT 
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Test Circuits (Continued) 


SIGNAL 
SOURCE 


fc 
4 -1kHz 


2Vp.p SINE WAVE 


100MHz 


LOGIC 
ALALYZER 


1024 
SAMPLES 


BUFFER 


100MHz 


FIGURE 7. SAMPLING DELAY/APERTURE JITTER 
MEASUREMENT CIRCUIT 


Operating Modes 


me “Tae 
VIN -~-~J%- = at ike Goin. 
— VreB 
AV 129 
At 128 
VIN 127 a Se) 
126 
125 
CLK —ffR SAMPLING TIMING FLUCTUATION 
(= APERTURE JITTER) 


NOTE: Where o (LSB) is the deviation of the output codes when the 
largest slew rate point is sampled at the clock which has exactly the 
same frequency as the analog input signal, the aperture jitter, ta, is: 


o/AV 256 
tay = (a )e oi p 4 ant}, 


FIGURE 8. APERTURE JITTER MEASUREMENT METHOD 


The HI3026A has two types of operating modes which are selected with Pin 45 (SELECT). 
TABLE 2. OPERATING MODE TABLE 


DMUX Mode (See Application Circuits, Figures 18, 19, 20) 


Set the SELECT pin to Vcc for this mode. In this mode, the 
clock frequency is divided by 2 in the IC, and the data is out- 
put after being demultiplexed by this "fp frequency divided 
clock. The "fp frequency divided clock, which has adequate 
setup time and hold time for the output data, is output from 
the CLKOUT pin. 


When using multiple HI3026A units in parallel in this mode, 
differences in the start timing of the "fp frequency divided clock 
may cause operation as shown in the figure below. As a 
countermeasure, the HI3026A is equipped with a function 


OPERATING MAXIMUM 
MODE SELECT CONVERSION RATE DATA OUTPUT CLOCK OUTPUT 
DMUX Mode Voc Demultiplexed Output 70 Mbps | The input clock is Vo frequency 
divided and output at 7OMHz. 
Straight Mode Straight Output 100 Mbps The input clock is inverted and 
output at 100MHz. 


which resets the "fo frequency divided clock. When resetting 
this clock, the RESET pulse must be input to the RESET pin. 
See the Timing Charts for the RESET pulse input timing. The 
A/D converter can operate at fo (Min) = 140 MSPS in this 
mode. 


Straight Mode (See Application Circuits, Figures 21, 22, 23) 
Set the SELECT pin to GND for this mode. In this mode, data 
output can be obtained in accordance with the clock frequency 
applied to the A/D converter for applications which use the 
clock applied to the A/D converter as the system clock. 
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The A/D converter can operate at fo (Min) = 100 MSPS in 


this made TABLE 3. LOGIC INPUT LEVEL AND POWER SUPPLY 

, SETTINGS 
Digital Input Level and Supply Voltage Settings DIGITAL APPLICATION 
The logic input level for the HI38026A supports ECL, PECL INPUT SUPPLY CIRCUITS 
and TTL levels. LEVEL VOLTAGE (FIGURE) 
The power supplies (DVEe3, DGND3) for the logic input +5V (18) (21) 
block must be set to match the logic input (CLK and RESET 45V (19) (22) 


signals) level. +5V (20) (23) 


HI3026A 
CLK A 


CLK 
RESETN 


HI3026A 
CLK B 


RESETN 


PULSE w 
HI3026A 1 ! 1 1 i 1 1 «x 
CLK l | l 
DATA wa 
>” 
Z2 
] re) rc 
l Oo= 
2 


RESET PULSE 


FIGURE 10. WHEN THE RESET PULSE IS USED 


Typical Performance Curves 


170 


fin = 


foLk 
4 


DMUX MODE 
C. = 5pF 


CURRENT CONSUMPTION (mA) 
an 
So 
CURRENT CONSUMPTION (mA) 


-25 25 75 
AMBIENT TEMPERATURE (°C) CONVERSION RATE (MSPS) 


FIGURE 11. CURRENT CONSUMPTION vs AMBIENT FIGURE 12. CURRENT CONSUMPTION vs CONVERSION RATE 
TEMPERATURE CHARACTERISTICS CHARACTERISTICS RESPONSE 


4-191 


HI3026A 


Typical Performance Curves (Continued) 


ANALOG INPUT CURRENT (yA) 


ANALOG INPUT VOLTAGE (V) 


FIGURE 13. ANALOG INPUT CURRENT vs ANALOG INPUT 
VOLTAGE CHARACTERISTICS 


SNR (dB) 


INPUT FREQUENCY (MHz) 


FIGURE 15. SNR vs INPUT FREQUENCY RESPONSE 


180 


MAXIMUM CONVERSION (MSPS) 
3 


20 


REFERENCE CURRENT (mA) 


10 
-25 25 75 
AMBIENT TEMPERATURE (°C) 


FIGURE 14. REFERENCE CURRENT vs AMBIENT 
TEMPERATURE CHARACTERISTICS 


10% 


i 
fag = = ~1kHz 


ERROR RATE (TPS) 
3 
i 


CONVERSION RATE (MSPS) 


FIGURE 16. ERROR RATE vs CONVERSION RATE 
CHARACTERISTICS 


AMBIENT TEMPERATURE (C°) 


FIGURE 17. MAXIMUM CONVERSION RATE vs AMBIENT TEMPERATURE CHARACTERISTICS 
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Typical Application Circuits 


+5V (D) 
DG 
ECL RESET PULSE eae! 
WOBGBOEHHOSH 
-5V (D) 8-BIT DIGITAL DATA 
ex P1D0 TO P1D7 ae 
AG * (35) 8-BIT DIGITAL DATA 
AG 2) 34) 
(4) G3) A 
+5V (A) (5) (32) DG a 
SY S = +5V (D) 
+5V (A) . e DG 
: ; 19 gy P2D0 TO P2D7 8-BIT DIGITAL DATA 
~ tal s = 8-BIT DIGITAL DATA | || LATCH 
OOO DOD DOD OOD 
ECL - CLK Ss is 
+5V i 


FIGURE 18. DMUX ECL INPUT 


2 

wu 

EW 

ow 

Wi o 

->W 

+5V (D) Sz 
DG O° 
." 


PECL RESET PULSE a | 


DG ne GOO® @% or VOOS en 8-BIT DIGITAL DATA 
4 on DIGITAL DATA LATCH 

AG <tH}H2) G5 

AG <j * $3 
+5V (a) (5) S) im — 

. ~ S S +5V (D) 

+5V (A) (8) (29) - 

AG o Ge) 

AG s = P2D0 TO P2D7 8-BIT DIGITAL DATA 
+5V(D) «4 iD oS 8-BIT DIGITAL DATA LATCH 


BOO OVOODOGO® 


PECL - CLK al 


DG 
+5V (D) 


FIGURE 19. DMUX PECL INPUT 
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Typical Application Circuits (continued) 


+5V (D) 
DG 
TTL RESET PULSE ie oo 
(48X47 X46 454443424 140393837) 8-BIT DIGITAL DATA 
__ a (36) P1D0 TO P1D7 — 
AG < (2) (35) 8-BIT DIGITAL DATA 
AG < 3) 34) 
(4) G3) : 
+5V (A) (5) (32) DG bor 
ag HY * S +5V (D) 
+5V (A) (8 ) (29) DG 
(9) 28) 
Me ois Born | | ron 
+5V (D) (12) i 
(131 4X1 SK1GX17K 18K 1 92021 N22 2324) 
TTL - CLK ie tf 7] 
+5V (D) 
FIGURE 20. DMUX TTL INPUT 
+5V (D) 
DG 
-5V (D) Ke @ © © © © @ @ © 89) G9) en pape wena — 8-BIT DIGITAL DATA 
AG 425 (35) 8-BIT DIGITAL DATA 
AG gv _13) @) 
(4) G3) 
+5V (A) (5) (32) 
AG @® (6) (31) 
ao Go) 
+5V (A) (3) 05) 
(9) (28) 
AG 4 (40) op 
AG tH (11) (26) 
DG ® 5) 
13141 SKI1GKI7XISKI 9Ke0NK21K22K23K(24) 
ea ieee 
ECL - TTL 
DG 
+5V (D) 


FIGURE 21. STRAIGHT ECL INPUT 
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Typical Application Circuits (continued) 


DG 
AG 
AG 


+5V (A) 
AG 


+5V (A) 


AG 
AG 
+5V(D) 


PECL - CLK 


DG 
AG 
AG 


+5V (A) 
AG 


+5V (A) 
AG 
AG 


+5V(D) 


TTL - CLK 


= 


a 


{\ 


eo 


\/ “Ty 


{\ 
ie 
886000006006 


+5V (D) 
DG DG 


OVOSOOOCDOO OR 


@) 


P1D0 TO P1D7 
8-BIT DIGITAL DATA 


DIOGO VIOOHE 


@) 


SF DOOODOOOOOOD 


PECL - | PECL-T™T 


+5V 
FIGURE 22. STRAIGHT PECL INPUT 


+5V (D) 
DG DG 
(48X47 X46 NK45NK 44434241 (40K 39X38K37) 
ae (36) P1D0 TO P1D7 
Oo (35) 8-BIT DIGITAL DATA 
(3) G4) 
(4) G3) 
(5) G2) 
(6) G1) 
i Go) 
(3) 29) 
(9) 28) 
(10) 27) 
® 26) 
(12) oe 
oe ies | pas 
+5V “ 


FIGURE 23. STRAIGHT TTL INPUT 
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LATCH 


LATCH 


8-BIT DIGITAL DATA 


8-BIT DIGITAL DATA 
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Typical Application Circuits (continued) 


AG 
A 
ANALOG 
\ INPUT 
> AG 
Ys | . AG +5V(A) D> 2V 
+5V { <j 
LF A 
(D) DG + NO 
1pF 
AG 
AG 


oa TE 


SELLE 
8 


28392 
z< > 9 
(13) CLK/E 
(14) CLKN/E 
TTL CLK a 
tr 
_¢ 
23 
(24) P2D3 
g 
nal Per et | (T] 
Gk OU FR A NS GE Ee ee 
GB OUEEER PEER OR 


SHORT THE ANALOG SYSTEM AND DIGITAL SYSTEM AT ONE POINT IMMEDIATELY 
UNDER THE A/D CONVERTER. SEE THE NOTES ON OPERATION. 


—|}— IS THE CHIP CAPACITOR OF 0.1pF. 


me EE mes (pres 


FIGURE 24. STRAIGHT MODE TTL I/O (WHEN A SINGLE POWER SUPPLY IS USED) 
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Features Description 

° Differential Linearity Error................. +0.2LSB The HI3086 is a 6-bit, high-speed, flash analog-to-digital con- 
; ; verter optimized for high speed, low power, and ease of use. 

e Integral Linearity Error .................. +0.2 LSB 


Single +5V Power Supply Operation Available 


With a 140 MSPS encode rate capability and full-power analog 
bandwidth of 200MHz, this component is ideal for applications 
requiring the highest possible dynamic performance. 


e Low Input Capacitance .............0ceeeeeaes 7pF  . ae 
; : To minimize system cost and power dissipation, only a +5V 
e Wide Analog Input Bandwidth eenree eee sees 200MHz power supply is required. The HI3086’s clock input interfaces 
¢ Low Power Consumption .................. 360mW directly to TTL, ECL, or PECL logic and will operate with single- 
: ended inputs. The user may select 16-bit demultiplexed output 
e CLK/2 Clock Output Pin 


Excellent Temperature Characteristics 
1:2 Demultiplexed Output 


Internal '/. Frequency Divider Circuit 
(With Reset Function) 


Compatible with ECL, PECL and TTL Digital Input Levels 
Direct Replacement for Sony CXA3086 


Applications 

e RGB Graphics Processing (LCD, PDP) 
¢ Digital Communications (QPSK, QAM) 
e Magnetic Recording (PRML) 


Pinout 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 


or 8-bit single-channel digital outputs. The demultiplexed mode 
interleaves the data through two 8-bit channels at "fp the clock 
rate. Operation in demultiplexed mode reduces the speed and 
cost of external digital interfaces, while allowing the A/D 
converter to be clocked to the full 140 MSPS conversion rate. 


Fabricated with an advanced bipolar process, the HI3086 is 
provided in a space-saving 48-lead MQFP surface mount 
plastic package and is specified over the -20°C to 75°C 
temperature range. 


Ordering Information 


PART TEMP. 
NUMBER __ | RANGE (°C) 
HI3086JCQ -20t075 |48LdMQFP | Q48.12x12-S 
HI3086EVAL | = Evaluation Board 


HI3086 (MQFP) 
TOP VIEW 

a5 8 5538 
SE89e abe Sze 
NOOoOoog0ooooo0 
PEELE 
48 47 46 45 44 43 40 

DGND2 CIO—1|10 ——T"} DGND2 


1 
P2D0 (LSB) CIO—}2 -—T) P1D5 (MSB) 
P2D1 CL—}3 ——tJ P1D4 
P2D2 Cl_14 ied P1D3 
P2D3 CIL—1/5 LL) PID2 
P2D4 CI—/6 pT) P1b1 
P2D5 (MSB) C—J]7 Tj P1D0 (LSB) 
DGND2 CI—I/8 I) DGND2 
DVcc2 CI— —T-} PVcc2 
RESET/E (7 eT) CLKN/E 
RESETNE CT on CL) CLK/E 

SHHBBBEHH HE 
go ge S2SgEees 
2Q>°" & <°~ >Q S 
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Functional Block Diagram 


x 
- 
5 
= 
a 
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AGND PS SELECT DGND1 DGND2 DVeE3 
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Pin Descriptions 


12 
RESETN/E 
11 
RESET/E 


SYMBOL 7 


HI3086 


TYPICAL 
VOLTAGE 
EQUIVALENT CIRCUIT 


+5V (Typ) (With a 
Single Power 
Supply) 


GND (With Dual 
Power Supplies) 


GND (With a 
Single Power 


Supply) 


-5V (Typ) (With 
Dual Power 
Supplies) 
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DESCRIPTION 
Analog Ground. Separated from 
the digital ground. 


Analog Power Supply. Separated 
from the digital power supply. 


Digital Ground. 
Digital Power Supply. 


Digital Power Supply. Ground for 
ECL input. +5V for PECL and TTL 
input. 


Digital Power Supply. Ground for 
ECL input. -5V for PECL and TTL 
input. 


No Connect pin. Not connected 
with the internal circuits. 


Clock input. 


A/D CONVERTERS 
HIGH SPEED 


CLK/E Complementary Input. When 
left open, this pin goes to the thresh- 
old potential. Only CLK/E can be 
used for operation, but complemen- 
tary input is recommended to attain 
fast and stable operation. 


Reset Input. When the input is set to 
low level, the built-in CLK frequency 
divider circuit can be reset. 


RESETN/E Complementary Input. 
When left open, this pin goes to the 
threshold voltage. Only RESETN/E 
can be used for operation. 


HI3086 


Pin Descriptions (continued) 


TYPICAL 
VOLTAGE 
SYMBOL LEVEL EQUIVALENT CIRCUIT DESCRIPTION 


Pee Son 


RESETN/T Reset Input. When left open, this 
input goes to high level. When the 
input is set to low level, the built-in 
CLK frequency divider circuit can 
be reset. 


Data Output Polarity Inversion Input. 
When left open, this input goes to 
high level. (See Table 1; I/O 
Correspondence Table). 


Power Saving Input. When the input 


is set to low level, the power saving 
mode is set. In this time the all TTL 
ouputs go into the high impedance 
state. Normally, set to high level or 
left open. 


SELECT Voc or GND Data Output Mode Selection. (See 
Table 2, Operating Mode Table). 
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Pin Descriptions (continued) 


TYPICAL 
VOLTAGE 
SYMBOL LEVEL EQUIVALENT CIRCUIT DESCRIPTION 
+4.0V (Typ) Reference Voltage Sense. Bypass 
to AGND with a 0.1pF chip 
capacitor. 


Top Reference Voltage. Bypass to 
AGND with a 1pF tantal capacitor 


and 0.1pF chip capacitor. 
COMPARATOR 1 


o 


Bottom Reference Voltage. Bypass 
to AGND with a 1pF tantal capacitor 
and a 0.1pF chip capacitor. 


COMPARATOR 2 
i Reference Voltage Sense. Bypass 


to AGND with a 0.1pF chip 
capacitor. 


COMPARATOR 62 


COMPARATOR 63 


1 


Analog Input. 
COMPARATOR ginp 


A/D CONVERTERS 
HIGH SPEED 


30 to 35 | P1D0 to P1D5 Port 1 Side Data Output. 
2to7 | P2D0 to P2D5 Port 2 Side Data Output. 


CLKOUT Clock Output. (See Table 2. 
Operating Mode Table.) 
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Absolute Maximum Ratings (Ta = 25°C) Thermal Information 
Supply Voltage ........... (AVcc; DVcc1, DVcc2) -0.5V to 7.0V Thermal Resistance (Typical, Note 1) 8 ya (CCW) 
(DGHOGlsaviacendatidscedesensaeenastaneas -0.5V to 7.0V MQFP Package ...........00ccc cece eee eeee 63 
(0) ) Sc ee -7.0V t00.5V Maximum Junction Temperature (Plastic Package) ........ 150°C 
(DGNDS3 - DVEgg)......-..-. pede eee e eee eeees -0.5V to 7.0V Maximum Storage Temperature Range .......... -65°C to 150°C 
Analog Input Voltage (Vin)... .---.- seer eee Vat -2.7V toAVcc Maximum Lead Temperature (Soldering 10s)............. 300°C 
Reference Input Voltage (VpTt).... 2... 0 cece eee ee 2.7V to AVcc (MQFP - Lead Tips Only) 
(VES a es Fer s LeeUd RES ORE dete EERE Vin - 2.7V to AVoc 
OVeT © VRB ix <nka sc ceo e Cen eeeeen ewan nee cee ome 2.5V 
Digital Input Voltage 
CEL Ce CHINE) 2 spc ndvae seen wena veecwus DVeEE3 to 0.5V 
gat ge > PROPEE eT ee Tree ree eres -0.5V to DGND3 
Te Pg ee PE) nid nae tebe a ceerens sneene -0.5V to DVcc 
CMe ISCUEGT) cssaei oa dees setae ee ee eee -0.5V to DVcc 
Vig (PE = NE! (NGS S)) ca ccvccindedews nent oveees 2.7V 
Recommended Operating Conditions 
WITH A SINGLE POWER SUPPLY MIN TYP MAX WITH DUAL POWER SUPPLIES MIN TYP MAX 
Supply Voltage Supply Voltage 
DVcoc1; DVcc2, AVcc. +++ sees 44.75 +5.0 +5.25V DVcc1; DVcc2, AVcc --- +--+: +4.75 +5.0 +5.25V 
DGND1, DGND2, AGND ....... -0.05 0 +0.05V DGND1, DGND2, AGND........ -0.05 0 +0.05V 
DAA sh aceweene eemeernwnné 44.75 +5.0 +5.25V SNS a5 6.5 ons eee wnweweet ese -0.05 0 +0.05V 
ry canteerawvoenebonens -0.05 0  +0.05V Writ ocak aewsinecesaxwdnees 55 -5.0 -4.75V 
Analog Input Voltage (Viy)........ VrB - VAT Analog Input Voltage (Vin) .....--- VRB - VAT 
Reference Input Voltage Reference Input Voltage 
| | LEREL TREE eee +2.9 - +4.1V NAT Ndbenewawawnas beens es ore +2.9 - +4.1V 
Weis vaca ende-ounciiasbaeses 1.4 - +2.6V Wats enpes corewennganeienten 1.4 . +2.6V 
War: Vel. vsvececvewaensawes 1.5 - 2.1V MOT = VAG! s.0sdec ves eae dcnces 1.5 - 2.1V 
Digital Input Voltage Digital Input Voltage 
BOL VE) Vd eccdcowseunaseus DGND3- 1.05 DGND3-0.5V ECL (***/E) Viy DGNDS ........ DGND3- 1.05 DGND3- 0.5V 
PECL (*/E) Vi, OGNDS .....5. DGND3-3.2 DGND3- 1.4V ECL ("7E) Va DGNDS. scwene en DGND3-3.2 DGND3- 1.4V 
TIL CUT, INV, PS) Vig esxeec ws 2.0V - - SILC FE, TV) Vide see ssecscce wees 2.0V - - 
THE, ) Viliecuanes saan - - 0.8V THR EIR Vik cncessnccareseuas - 7 0.8V 
Other (SELECT) Viy.........-. - DVcc1 x Other (SELECT) Vithasss ssctacassane - DVcci1 - 
Other (SELECT) Vy_........... - DGND1 - Other (SELECT) Vy vn sure verecncns - DGNDi - 
Vip (Note 3) (I***/E- ***N/El)..... 0.4 0.8 . Vip (Note 3) (I***/E- ***N/El) .......... 0.4 0.8 - 
Max Conversion Rate (fc, Straight Mode)... 100 - - Max Conversion Rate (fc, Straight Mode)... 100 - - 
Units = MSPS Units = MSPS 
Max Conversion Rate (f¢, DMUX Mode).... 140 - - Max Conversion Rate (f¢, DMUX Mode).... 140 - - 
Units = MSPS Units = MSPS 
Ambient Temperature (Ta) ........... cece ee eee -20°C to 75°C + Ambient Temperature (Ta). ........ 0... eee eee -20°C to 75°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. 8ja is measured with the component mounted on an evaluation PC board in free air. 
2. ***/E and ***T indicate CLK/E and CLK/T, etc. for the pin name. 
3. Vip: Input Voltage Differential. 


Electrical Specifications DV¢c1, 2, AVcc, DGND3 = +5V, DGND1, 2, AGND, DVegz = OV, Vat = 4V, Vap = 2V, 
Ta = 25°C, PECL Input 


PARAMETER SYMBOL TEST CONDITIONS | MIN =| TYP) |) MAX | UNITS 
OC 


DC CHARACTERISTICS 
ce a 


Vin = 2Vp-p, fo = 5 MSPS 


Differential Linearity Error 
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Electrical Specifications = DV¢cj, 2, AVcc, DGND3 = +5V, DGND1, 2, AGND, DVeg3 = OV, Var = 4V, Vrs = 2V, 
Ta = 25°C, PECL Input (Continued) 


[PARAMETER | SYMBOL] _TESTCONDITIONS | MIN | TYP__| MAX] UNITS 
ANALOG INPUT 
[ArlognputResistance | An 
[aralog input Curent | __w 
REFERENCE INPUT 
Ce 
Residual Resistance | ORT 


DIGITAL INPUT (ECL, PECL) 


[BitalinputVotage-Hish | Vn | _________[ 6NDe-to5] -__[Denos-os] Vv 
[DistalinputVotase-tow | vu |__| denpe-sz | _[oanosia| v_ 
TTrestovotane | va | ———SSSSCSdT~SS—*id noone] | 
[istaliputCurenttow | mu _|Vueoanosrev | 7s | - | 9 | wa 
[Ditalinpwtcapactance | | SCT SCT Cd 
DIGITAL INPUT (TTL) 

[istalinputVolagsrHish | Va [Ss SSS Cd Cd 
EN EN 
FL 
istalnpet CurentHeh | tw _[vm=sev S| od SS «| i) 
istarinpatCurenttow | nm _|vuso «i _—o_~—=«dt=S Sd Sd 
Digital Input Capacitance i ae a 


DIGITAL OUTPUT (TTL) 
Digital Output Voltage: High 


Vin = +3.0V + 0.07Vams 


Digital Output Voltage: Low OL lo. = 1mMA 


Oz Power Saving Mode “45 
as Ta a 


: 
Oo 
|< 


Leakage Current 
SWITCHING CHARACTERISTICS 


Maximum Conversion Rate 
Aperture Jitter 

Sampling Delay 

Clock High Pulse Width 
Clock Low Pulse Width 


a 
ws 
[05 
ews 
wo 
ecu 
Tt601 
002 
a 
=a 


CLKOUT Output Delay | a 
C. = 5pF) t (Note 6) 


Data Output Delay (Note 7) ( 
(C_ = 5pF) 
( 


Output Rise Time 


-—- 


Output Fall Time 
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Electrical Specifications —DVocj, 2, AVoc, DGND3 = +5V, DGND1, 2, AGND, DVegs = OV, Var = 4V, Vap = 2V, 
Ta = 25°C, PECL Input (Continued) 


PARAMETER SYMBOL TEST CONDITIONS | MIN | TYP) | MAX | UNITS 


DYNAMIC CHARACTERISTICS 


input Bandwidth || Vin = 2Vp-p, “348 es ee eee 


S/N Ratio fc = 140 MSPS, 37.0 
fin = 1kHz Full Scale, 
DMUX Mode 
fo = 140 MSPS, 
fin = 34.999MHz Full Scale, 
DMUX Mode 
Error Rate fo = 140 MSPS, TPS 
fin = 1kHz Full Scale, (Note 8) 
DMUX Mode 
Error > 4LSB 
PS 


fo = 140 MSPS, 
fin = 34.999MHz Full Scale, 
DMUX Mode 

Error>4LSB 


fc = 100 MSPS, 
fin = 24.999MHz Full Scale, 
Straight Mode 
Error > 4LSB 


POWER SUPPLY 


Supply Curent | cc PO 
[Supply Curent | ee | 
[Power Consumption (Notes) | Po | 
| _Po__|PawerSavingMode | 


: 
~“ 
So 


NOTES 
4. Rrer: Resistance value between Vprrz and Vrp. 
RRerF 
1 
6.t=-. 
Ve 


7. TPS: Times Per Sample. 
(Vat -VaB) 


Py = (langtlec)* Vent 
8. "p= “'ec*"'Ee? "cc Gear 
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DGND3 

Ewer ewsesse sees es sess eeesees es Vin (MAX) 

® 

® 

Feenqgeesneeneesaeseeseeesse eee ese ese Vit 
® ® 

® ® 

cee e ese ee eee ses ee se Qe see ese ese eee eee eee Vin (DGND3 - 1.2V) 
*. *. Vip 
® ® 


® aan oe Vin 


nem em oe Vit. (MIN) 


FIGURE 1. ECL AND PECL SWITCHING LEVEL 
TABLE 1. JO CORRESPONDENCE 


VIN 


STEP 


011111 
100000 


On NM WAU © ©00 eee 


Vat Vats VIN Vass VrB 


HIGH SPEED 


A/D CONVERTERS 


FIGURE 2. 


Test Circuits 


100MHz 


OSsC1 
o: VARIABLE 


S 


4V c 


LOGIC 


1.95V ¢ ALALYZER 


9 5MHz PECL 


1024 
We S SAMPLES 
DVEE3 
ECL 
BUFFER 
100MHz 
FIGURE 3. CURRENT CONSUMPTION MEASUREMENT FIGURE 4. SAMPLING DELAY MEASUREMENT CIRCUIT 
CIRCUIT APERTURE JITTER MEASUREMENT CIRCUIT 
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Test Circuits (Continued) 


S1: ON WHEN A<B 
S2: ON WHEN A>B 


—_ oe ee oe ee oe ol 


HI3086 


FIGURE 5. INTEGRAL LINEARITY ERROR MEASUREMENT 
CIRCUIT DIFFERENTIAL LINEARITY ERROR MEA- 
SUREMENT CIRCUIT 


SIGNAL 
SOURCE 


SIGNAL 
SOURCE 


Av 33 
At 32 
o (LSB) 
VIN 31 
30 
29 


CLK —ffF SAMPLING TIMING FLUCTUATION 
(= APERTURE JITTER) 
NOTE: Where o (LSB) is the deviation of the output codes when the 


largest slew rate point is sampled at the clock which has exactly the 
same — as the analog input signal, the aperture jitter Tai is: 


64 
tay = of 2 aT = o6/ (F x2nt} 
FIGURE 6. APERTURE JITTER MEASUREMENT METHOD 


PULSE 
COUNTER 


FIGURE 7. ERROR RATE MEASUREMENT CIRCUIT 


Operating Modes 


The HI3086 has two types of operating modes which are selected with Pin 41 (SELECT). 
TABLE 2. OPERATING MODE 


Demux Mode (See Figures 19, 20, 21). 


Set the SELECT pin to Vcc for this mode. In this mode, the 
clock frequency is divided by 2 in the . and the data is out- 
put after ir demultiplexed by this "fp frequency divided 
clock. The "lo frequency divided clock, which has adequate 
setup time and hold time for the output data, is output from 
the CLKOUT pin. 


OPERATING MAXIMUM 
MODE SELECT CONVERSION RATE DATA OUTPUT CLOCK OUTPUT 
The input clock is y Lion ria 
DMUX Mod V 140 Mbps Demultiplexed Output 70 M é 
The input clock is inverted and 
Straight Mode p GND 100 Mbps Straight Output 100 Mbps output at 100MHz. 


When using multiple HI3086 units ” parallel in this mode, dif- 
ferences in the start timing of the "fp frequency divided clock 
may cause operation as shown in Figures 8 and 9. As a coun- 
abba the HI3086 is equipped with a function which 
resets the "fp frequency divided clock. When resetting this 
clock, the RESET pulse must be input to the RESET pin. See 
the Timing Charts for the RESET pulse input timing. The A/D 
converter can operate at fc (Min) = 140 MSPS in this mode. 
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HI3086 
CLK 


HI3086 
CLK 


RESET PULSE RESETN 


FIGURE 9. WHEN THE RESET PULSE IS USED 


Straight Mode (See Figures 22, 23, 24 and 25). Digital Input Level and Supply Voltage Settings 


Set the SELECT pin to GND for this mode. In this mode, The logic input level for the HI3086 supports ECL, PECL and 
data output can be obtained in accordance with the clock fre- TTL levels. The power supplies (Dyee3, DGND3) for the 
quency applied to the A/D converter for applications which logic input block must be set to match the logic input (CLK 
use the clock applied to the A/D converter as the system and RESET signals) level. 

clock. 


The A/D converter can operate at fo (Min) = 100 MSPS in 
this mode. 


A/D CONVERTERS 
HIGH SPEED 


TABLE 3. LOGIC INPUT LEVEL AND POWER SUPPLY SETTINGS 


DIGITAL 
INPUT SUPPLY | APPLICATION 
LEVEL VOLTAGE CIRCUITS 
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Timing Waveforms 


ViN 


| 1 


1 t i \ 1 1 
it ¢ | | | DO2 ' 
oaelan el _ ae ned. 


I 
rrooTo0s WAKA? 


! 
1 1 4 
rooroos RKKIXXR ee Xn 
Lege Fs : 


i. _‘DCLK | iy 0 7 |S ,. ] 
| . 1 't+in - 1! 
soma \f20 | iF 20v | 
ifr 0.8V | Pony l 
‘ ] ] l 
— at LBS 1 1 | | I I | 
RESET PULSE ] 
tRH ! | I : 1 I ’ 
FIGURE 10. DEMUX MODE TIMING CHART (SELECT = Vcc) 
VIN 
CLK 


$$ <r 
2.0V %G 
i . \ 
2.0V 
| N-5 Mi I 


! 

002, | | t | | 
| j | | | | 
CLK OUT ! 2.0V)— ! ] | 
(CLK IS INVERTED osv-+ ! ! 
AND OUTPUT) l | 
jl tocLk 14 | | 1 
i] | i] | | 
| ] | i] | | 

RESET PULSE , 


FIGURE 11. STRAIGHT MODE TIMING CHART (SELECT = GND) 
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Notes on Operation 


¢ The HI3086 is a high-speed A/D converter which is 
capable of TTL, ECL and PECL level clock input. Charac- 
teristic impedance should be properly matched to ensure 
optimum performance during high-speed operation. 


The power supply and grounding have a_ profound 
influence on converter performance. The power supply 
and grounding method are particularly important during 
high-speed operation. General points for caution are as 
follows: 


- The ground pattern should be as large as possible. It is 
recommended to make the power supply and ground 
patterns wider at an inner layer using a multi-layer 
board. 


- To prevent interference between AGND and DGND and 
between AVcc and DVcc, make sure the respective 
patterns are separated. To prevent a DC offset in the 
power supply pattern, connect the AVcc and DVcc 
lines at one point each via a ferrite-bead filter. Shorting 
the AGND and DGND patterns in one place immedi- 
ately under the A/D converter improves A/D converter 
performance. 


- Ground the power supply pins (AVcc, DVcc1, DVcco, 
DVEES) as close to each pin as possible with a 0.1,F or 
larger ceramic chip capacitor. (Connect the AVCC pin to 
the AGND pattern and the DVcc1, DVcce2, DVEEs pins 
to the DGND pattern.) 


The digital output wiring should be as short as possible. 
If the digital output wiring is long, the wiring capacitance 
will increase, deteriorating the output slew rate and 
resulting in reflection to the output waveform since the 
original output slew rate is quite fast. 


Typical Performance Curves 


70 
z 
E 
5 65 
b 
= 
2 60 
z 
Fe) 
oO 
Z 55 
ia 
a 
=) 
oO 

50 


-25 25 75 
AMBIENT TEMPERATURE (°C) 


FIGURE 12. CURRENT CONSUMPTION vs AMBIENT 
TEMPERATURE CHARACTERISTICS 


The analog input pin Vix has an input capacitance of 
approximately 7pF. To drive the A/D converter with proper 
frequency response, it is necessary to prevent perfor- 
mance deterioration due to parasitic capacitance or 
parasitic inductance by using a large capacity drive circuit; 
keeping wiring as short as possible, and using chip parts 
for resistors and capacitors, etc. 

The Vprt and Vrp pins must have adequate bypass to 
protect them from high-frequency noise. Bypass them to 
AGND with approximately 1F tantal capacitor and, 0.1,F 
chip capacitor as short as possible. 


The offset for residual is generated each for the reference 
voltage pins Vat and Vpp. When the offset voltage has 
no influence on the IC operation, the voltage should be 
applied to the Vrar and Vpp pins directly, keeping the 
Vrss pin open. When the reference voltage is to be 
supplied to these pins precisely, form the feedback loop 
circuit with Vay and Vpp as a force pin and adjust the 
offset voltage to be OV. See Figure 25 for details. 


If the CLKN/E pin is not used, bypass this pin to DGND 
with an approximately 0.1uF capacitor. At this time, 
approximately DGNDS3 -1.2V voltage is generated. How- 
ever, this is not recommended for use as threshold voltage 
Vp as it is too weak. 


When the digital input level is ECL or PECL level, ***/E 
pins should be used and ***/T pins left open. When the 
digital input level is TTL, ***/T pins should be used and 
***/E pins left open. 


fin = 


FOLK _aktz 
4 


DEMUX MODE 
C, = 5pF 


CURRENT CONSUMPTION (mA) 


CONVERSION RATE (MSPS) 


FIGURE 13. CURRENT CONSUMPTION vs CONVERSION RATE 


CHARACTERISTICS 


A/D CONVERTERS 


HIGH SPEED 


HI3086 


Typical Performance Curves (continued) 


11 


< 
~ E 
3 E 10 
5 & 
Ww cf 
c ) 
x o 9 
a) O 
5 i 
z MT 6 
o Wi 
re) rd 
z 
< 7 
< 

-25 25 75 
ANALOG INPUT VOLTAGE (V) AMBIENT TEMPERATURE (°C) 
FIGURE 14. ANALOG INPUT CURRENT vs ANALOG INPUT FIGURE 15. REFERENCE CURRENT vs AMBIENT TEMPERA- 
VOLTAGE CHARACTERISTICS TURE CHARACTERISTICS 


10% fin = “aK. -1kHz 


ERROR > 4LSB 
10°77 
Es 
c 10 
c 
c 
Li 
10°9 
40°19 
1 3. «5 10 30 50 100 
INPUT FREQUENCY (MHz) CONVERSION RATE (MSPS) 
FIGURE 16. SNR vs INPUT FREQUENCY RESPONSE FIGURE 17. ERROR RATE vs CONVERSION RATE 


CHARACTERISTICS 


fin = “OK -1kHZ 


ERROR > 4LSB 
ERROR RATE: 10° TPS 


MAXIMUM CONVERSION RATE (MSPS) 


AMBIENT TEMPERATURE (°C) 


FIGURE 18. MAXIMUM CONVERSION RATE vs AMBIENT TEMPERATURE CHARACTERISTICS 
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Application Circuits 


5V (0) 6-BIT DIGITAL DATA 
: . P2D0 TO P2D5 
pe paeey eee oa *| 6-BIT DIGITAL DATA | LATCH 
POC CO COOOI™ R 
5V (D) Be 
AG < (14) 
2V (15) (46) 
ag <HIE-C) a 
+5V (A) (17) a) 
D a) 
AG <HVUY{(19) “2 
BV (A) “7 (20) @) 
AG (21) (40) 
@ G9) 
AG < 3 @) 
DG 
(26X27 X28 29K 30K31K32K33K 34K 35K 36) 
cc ~, 
P1D0 TO P1D5 6-BIT DIGITAL DATA 
= 0) 6-BIT DIGITAL DATA LATCH 


PECL RESET PULSE 


DG 
AG 


AG 
+5V (A) 


AG 
+5V (A) 


AG 


AG 
+5V (D) 


PECL - CLK 


L.. 


FIGURE 19. DEMUX ECL INPUT 


+5V (O) 6-BIT DIGITAL DATA 
ore 6- BIT DIGITAL oak LATCH 
Bw COCO OCC SCG 
+—4 
2v (15) 
<HE 9) 
17) 
(18) 
HOY) 
qe 
22) 
$-—€3) 
(24) 
rte ld 
a +5V a P1D0 TO P1D5 aes 6-BIT DIGITAL DATA 


6-BIT DIGITAL DATA 


FIGURE 20. DEMUX PECL INPUT 
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Application Circuits (Continued) 


5V (D) 
TTLL RESET PULSE be - P2D0 TO P2D5 
DG 6-BIT DIGITAL DATA | LATCH 
G 


6-BIT DIGITAL DATA 


SOCOOGCGCSSO 2 


13) (48) 
AG < (14) 
2v (15) 
AG <}4e-(16) 
+5V (A) (17) 
08) 
AG <HA(19) 
+5V (A) <—z7—{20) 
AG <He 2?) 
22) 
AG <J (23) 
+5V (D) (24) 
2526) 27X28 29K3OK 3132333435136) 
TIL - CLK a ~ a“. aS | Pip0TO PIDs ij caren | BIT DIGITAL DATA 
FIGURE 21. DMUX TTL INPUT 
+5V (D) 
DG DG 
121 1X1 0K 9 XK BX 7 NEN SX AN 3K 2K 1) 
-5V (D) (13) Om +5V (D) 
AG < (14) (47) 
2v (15) (46) DG 
Fe, : 
+5V (A) 
© on 
AG <HOV}P(19) (42) +5V (D) 
+5V (A) <—z7—(20 41)-f 0G 
AG <t+ik- @}) (40) 
(22) 39)—K DG 
AG <J (23) og 
24) 37) +5V (D) 
(25K2EK27K2EX29K3ONKS1NG2XS3N 343536) 
eee eo +5V Ay wa Ea Me + oe oer’ 6-BIT DIGITAL DATA 


a 


ECL > TTL 


FIGURE 22. STRAIGHT ECL INPUT 
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Application Circuits (Continued) 


+5V (D) 
DG DG 
BODOGCGOG0CS80 
(13) a +5V (D) 
AG < (14) (47) 
2v (15) (46)—h DG 
ie : 
+5V (A) 
© on 
AG <HA)}(19) (42) +5V (D) 
+5V (A) ——qy—(20) Gif DG 
AG <P?) (40) 
22) 39)— DG 
AG < (23) (38) 
+5V (D) (24) ow +5V (D) 
TT Tel Vd 
el = " A. | P1D0TO PIDs Larcn | &BIT DIGITAL DATA 
PECL > TTL J 
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P1D0 TO P1D5 6-BIT DIGITAL DATA 


8-BIT DIGITAL DATA 


LATCH 


& 


FIGURE 24. STRAIGHT TTL INPUT 
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Application Circuits (continued) 
ANALOG 
a 1pF INPUT (7 _+5V 


V (A) 
AG AG 


Vrats © 


10pyF 


SHORT THE ANALOG SYSTEM AND DIGITAL SYSTEM AT ONE POINT IMMEDIATELY 
UNDER THE A/D CONVERTER. SEE THE NOTES ON OPERATION 


—}— IS THE CHIP CAPACITOR OF 0.1pF. 


FIGURE 25. STRAIGHT MODE TTL I/O (WHEN A SINGLE POWER SUPPLY IS USED) 
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Ga FARRIS 


SEMICONDUCTOR 


HI3304 


August 1997 4-Bit, 25 MSPS, Flash A/D Converter 


Features Description 


CMOS Low Power (Typ) The Harris HI3304 is a CMOS parallel (FLASH) analog-to- 
Parallel Conversion Technique digital converter designed for applications demanding both 
low-power consumption and high speed digitization. Digitiz- 


Single Power Supply Voltage ing at 25MHz, for example, requires only about 35mW. 


Sampling Rate at 5V Suppl 
oe oe The HI3304 operates over a wide, full-scale signal input volt- 


4-Bit Latched Three-State Output with Overflow and age range of 0.5V up to the supply voltage. Power consump- 
Data Change Outputs tion is as low as 10mW, depending upon the clock frequency 
Maximum Nonlinearity selected. 


Inherent Resistance to Latch-Up Sixteen paralleled auto-balanced voltage comparators mea- 

Bipolar Input Range with Optional Second Supply sure the input voltage with respect to a known reference to 
produce the parallel-bit outputs in the HI3304. Fifteen com- 

Input Bandwidth (Typ) parators are required to quantize all input voltage levels in 

Linearity (INL, DNL): this 4-bit converter, and the additional comparator is required 

- HIS304JIP ...... cc ccc cece ccc ce ecccce +0.25 LSB for the overflow bit. A data change pin indicates when the 

~ HIBS304QJIB oo ccc c cece ccc ccccccccccccn +0.25LSB Present output differs from the previous, thus allowing com- 
paction of data storage. 


S ling Rate: i ] 
ampling Rate Ordering Information 


- HI3304JIP 25MHz (40ns) 


- HI3304JIB 25MHz (40ns) TEMP. 
PART NUMBER/| RANGE (°C) 


Ap P lications HI3304JIP -40 to 85 16 Ld PDIP E16.3 
e Video Digitizin 

9 9 ; HI3304JIB -40 to 85 16 Ld SOIC M16.3 
¢ High Speed Data Acquisition 


HIGH SPEED 


¢ Digital Communication Systems 


A/D CONVERTERS 


e Radar Signal Processing 


Pinout 


HI3304 
(PDIP, SOIC) 
TOP VIEW 


BIT 1 (LSB) [7 


DATA CHANGE (DC) | 5| 
OVERFLOW (OF) | 6| 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 4-215 


File Number 4137.1 


HI3304 


Functional Block Diagram 


2 OUTPUT THREE-STATE 
REGISTER DRIVERS 


DATA 
> © CHANGE 


(6) OVERFLOW 


WH 


 >(4) BIT 4 


ty (3) BIT 3 


ox COUNT 
PR 1 
VREF"1/R ie D Q 
LATCH 
+ CAB COMPARATOR #1 0 


50kQ 


CLOCK 


$1 (AUTO BALANCE) 


$2 (SAMPLE UNKNOWN) 


+ Cascaded Auto Balance (CAB) 


NOTE: CE1 and CE2 inputs and data outputs have standard CMOS protection networks to Vpp and Vss. Analog inputs and clock have 
standard CMOS protection networks to Vaa+ and Vaa-. 
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Absolute Maximum Ratings 


DC Supply Voltage Range (Vpp or Vaat) 
(Voltage Referenced to Vss or Vaa- Terminal, 


Whichever is More Negative) .................. -0.5V to +8V 
Input Voltage Range 

CE1, CE2 INfUNS....50s<sesenawewens Vsg -0.5V to Vpp +0.5V 

Clock, Vrert+, VrRer-, VIN Inputs...... Van -0.5V to Vaan +0.5V 
DG input Current, Any lnput cscs cas weceawe nwenvsewns +20mA 


Operating Conditions 


Supply Voltage Range (Vpp Or Vaat)....-..- ee eee eee ee 3V to 7.5V 
Vaat Voltage Range .................. Vpp -1V to Vpp +2.5V 
Vane Voltage Ranges cau ccasessceseenee Vss -2.5V to Vssg +1V 
Operating Temperature Range.................. -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) Qj (°C/W) 
PUP PECKOOS : 6 ceria vckwanewevesnxe vaanans 90 
BOs POONGUG sche s dee asewedond He neawenns 100 

Maximum Junction Temperature............0 000 ce eee 150°C 

Maximum Storage Temperature Range (Tstq) . . . .-65°C to 150°C 

Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications T, = 25°C, Vrer+ = 2V, Vpp = Vaat = 5V, Vaa- = VREF- = Vsg = GND, fo_x = 25MHz 


Unless Otherwise Specified 


SYSTEM PERFORMANCE 


Conversion Timing 


Aperture Delay 


Signal to Noise Ratio (SNR) 


_ RMS Signal 
~ RMS Noise 


Signal to Noise Ratio (SINAD) 


_ RMS Signal 
~ RMSNoise + Distortion 


Total Harmonic Distortion, THD 


Effective Number of Bits, ENOB 


ANALOG INPUTS 
Full Scale Input Range 


Input Capacitance 
Input Current 
-3dB Input Bandwidth 


Input Range 
Input Loading 


— 
a 

) 
< 
Zz 
2 
© 
& 


PARAMETER TEST CONDITIONS |} MIN | TYP | MAX — UNITS 
OO 


Gain Error (Unadjusted) 


DYNAMIC CHARACTERISTICS Input Signal Level 0.5dB Below Full Scale 


fs = 25MHZ, fix = 100kKHz 
fs = 25MHz, fin = SMHz 


fs = 25MHZ, fixy = 100kHz 
fg = 25MHZ, fin = SMHz 


fs = 25MHz, fin = 100kKHz 


fg = 25MHZ, fix = 100KHz 
fg = 25MHZ, fix = SMHz 


(Notes 1, 4) 


[ores ae se 


+1.0 LSB 


23.7 


w| o & rN 
oa] oO ; oo 
NTN on o 

Q. 

ise) 

re) 


150 


MHz 
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HIGH SPEED 


HI3304 


Electrical Specifications Ta= 25°C, Vrert = 2V, Vop = Vaat = 5V, Vaa- = Vrer- = Vss = GND, fo_k = 25MHz 
Unless Otherwise Specified (Continued) 


CPanaweren «(| resrcowomions [wm [ve [ wax [ons 


REFERENCE INPUTS 


Input Loading Resistor Ladder Impedance Vin = 5V, CLK = Low | 640 | - | 960 | 


DIGITAL INPUTS 


CE1,CE2 _| (Note 4) 0.3x Vpp 


Digital Input Maximum Vij, Low 


CLOCK 


Minimum Vin, High 


(Notes 3, 4) 0.7 x Van 


CE1, CE2 (Note 4) ; 


TIMING CHARACTERISTICS 


Maximum Conversion Speed CLK = Square Wave | 25 | 35 | - | MSPs 


SN 
ENN 
: 
oupuenietine | 
oupaoeetme 


POWER SUPPLY CHARACTERISTICS 


ro) 
< 
oO 
< 
>) 
~s 
x 
< 
0 
Oo 


DIGITAL OUTPUTS 


Digital Outputs 


Conversion Timing 


=— w 
oO 


oi 


4 —_ 
on =) 


Device Current, laa Continuous Clock 


> 


Continuous 2 
Continuous 1 


Continuous Clock 


Device Current, Ipp 


Vaat = 5V, 
Vss = CE1 = Vaa- = CLK = GND 


NOTES: 


1. Full scale input range, VagF+ - VReF-, May be in the range of 0.5V to Vaa+ -Vaa- volts. Linearity errors increase at lower full scale ranges, 
however. 


Continuous 2 


3 


=| 


> >i ri] >] > 


Continuous 61 


2. Input current is due to energy transferred to the input at the start of the sample period. The average value is dependent on input and Vpop 
voltage. 


3. The CLK input is a CMOS inverter with a 50kQ feedback resistor. It operates from the Vaa+ and Vaa- supplies. It may be AC-coupled 
with a 1Vp.p minimum source. 


4. Parameter not tested, but guaranteed by design or characterization. 
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Timing Diagrams 


DATA SHIFTED INTO 


OUTPUT REGISTERS 
o1 2 
1 AUTO 
CLOCK A BALANCE SAMPLE 1 
B1 - B4, DC AND OF | a DD °.°.°.: 


AUTO 
BALANCE 


Fa eV 2%, 
DATA VALIDO }XXXX 


COMPARATOR DATA 
LATCHED 


SAMPLE 2 SAMPLE 3 


Saf af eb 
DATA VALID1 <XS>¢ DATA VALID 2 


FIGURE 1. TIMING DIAGRAM 


tois |< — 


<= t ae 
= HIGH 


=e 7g, 
HIGH 


IMPEDANCE 


FIGURE 2. OUTPUT ENABLE/DISABLE TIMING 


HIGH 
BITS 1-4 
DC, OF 
SAMPLE ENDS—> 
CLOCK 
OUTPUT NEW DATA 
eonestsomeel, 


FIGURE 3A. 


With 92 as standby state (fastest method, but standby limited to 5us 
maximum) 


SAMPLE ENDS—> 
CLOCK 


OUTPUT OLD DATA NEW DATA 


III 


OLD DATA + 1 


FIGURE 3B. 
With 01 as standby state (indefinite standby, double pulse needed) 


SAMPLE ENDS—> 


FIGURE 3C. 


With 92 as standby state (indefinite standby, lower power than 3B) 


FIGURE 3. PULSE-MODE TIMING DIAGRAMS 


4-219 


A/D CONVERTERS 
HIGH SPEED 


HI3304 


Typical Performance Curves 


2 5 
£ 3 
a 
2 
4 
3 
. 5 10 15 20 25 30 
TEMPERATURE (°C) ts (MHz) 
FIGURE 4. DATA DELAY vs TEMPERATURE FIGURE 5. DEVICE CURRENT vs SAMPLE FREQUENCY 


NON-LINEARITY (LSB) 


NON-LINEARITY (LSB) 
: = 
DO 
x 
inne 
lites 
aan 
hs 
Z 
= 
= 
w 


a mt en Oe 
LLLLITITITIIIII I | 

-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 
TEMPERATURE (°C) 


REFERENCE VOLTAGE (V) 


FIGURE 6. NON-LINEARITY vs TEMPERATURE FIGURE 7. NON-LINEARITY vs REFERENCE VOLTAGE 


CAAT 
Sa> 4aeeeeeee 
CA 


NON-LINEARITY (LSB) 
ENOB (LSB) 


00 
-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 
fs (MHz) TEMPERATURE (°C) 


FIGURE 8. NON-LINEARITY vs SAMPLE FREQUENCY FIGURE 9. EFFECTIVE BITS vs TEMPERATURE 
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Typical Performance Curves (continued) 


a ee ee ee ee 


Sr Trrrryryrtyyl fe 
al < 
m 3.00 E BREUER ERERERE 
ee on 
tot + | | | tt tt TLL TT 
scais Leccactl sonal ice niet come oxarlsanehwaadleapsesl coca CETTE Tt 
soot __ | | | | | tt ff : 
ont 1 i ae a in 
3 . . e ¥ . a war -30 -20 -10 0 10 20 30 40 50 60 70 80 90 
f (MHz) TEMPERATURE (°C) 
FIGURE 10. EFFECTIVE BITS vs INPUT FREQUENCY FIGURE 11. DEVICE CURRENT vs TEMPERATURE 


Pin Descriptions 


PIN NUMBER | NAME DESCRIPTION 
a) 


” 

. oe 
Output Data Bits Ea 
ete we ae 
>W 
DC Data Change. S r 
LY) 
oF $= 


Ceriers [0GoF 
a 
a 


X = Don't Care 
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TABLE 1. OUTPUT CODE TABLE 


INPUT VOLTAGE (V) 


CODE 
DESCRIPTION 


'/p Full Scale -1 LSB 
'/p Full Scale 
'/ Full Scale +1 LSB 


Full Scale -1 LSB 
Full Scale 
Overflow 


| ss OUTPUTCODE —s—="D CODE 


Vrer+=1V | 1.6V 2V 3.2V | 4.8V DECIMAL 
Vrer-=-1V | OV OV OV ov COUNT 


a se a 


NOTE: 


1. The voltages listed are the ideal centers of each output code shown as a function of its Bssoaied reference voltage. See Ideal Transfer 
Curve Figure 6. The output code should exist for an input equal to the ideal center voltage + Vp of the step size. 


Description 


Device Operation 


A sequential parallel technique is used by the HI3304 
converter to obtain its high speed operation. The sequence 
consists of the “Auto Balance” phase and the “Sample 
Unknown” phase (Refer to the circuit diagram). Each 
conversion takes one clock cycle (see Note). The “Auto 
Balance” (1) occurs during the Low period of the clock 
cycle, and the “Sample Unknown” (62) occurs during the 
High period of the clock cycle. 


NOTE: This device requires only a single-phase clock. The terminology 
of 01 and $2 refers to the High and Low periods of the same clock. 


During the “Auto Balance” phase, a transmission-gate switch 
is used to connect each of 16 commutating capacitors to 
their associated ladder reference tap. Those tap voltages will 
be as follows: 


Vtap(N) = [((VRer/16) x N] - [VRer/(2 x 16)] 
= Vrer [(2N - 1)/32] 
Where: Vt,ap(N) = Reference ladder tap voltage at point N. 
Vref = Voltage across Vrer- to Vaer+ 
N = Tap number (1 through 16) 


The other side of the capacitor is connected to a single- 
stage inverting amplifier whose output is shorted to its input 
by a switch. This biases the amplifier at its intrinsic trip point, 
which is approximately (Vpp - Vss)/2. The capacitors now 


charge to their associated tap voltages, priming the circuit for 
the next phase. 


In the “Sample Unknown” phase, all ladder tap switches are 
opened, the comparator amplifiers are no longer shorted, 
and Vix is switched to all 16 capacitors. Since the other end 
of the capacitor is now looking into an effectively open cir- 
cuit, any voltage that differs from the previous tap voltage will 
appear as a voltage shift at the comparator amplifiers. All 
comparators whose tap voltages were lower than Vij will 
drive the comparator outputs to a “low” state. All compara- 
tors whose tap voltages were higher than Vjjy will drive the 
comparator outputs to a “high” state. A second, capacitor- 
coupled, auto-zeroed amplifier further amplifies the outputs. 


The status of all these comparator amplifiers are stored at the 
end of this phase ($2), by a secondary latching amplifier stage. 
Once latched, the status of the 16 comparators is decoded by 
a 16 to 5 bit decode array and the results are clocked into a 
storage register at the rising edge of the next $2. 


If the input is greater than 31/32 x Vref, the overflow output 
will go “high”. (The bit outputs will remain high). If the output 
differs from that of the previous conversion, the data change 
output will go “high”. 


A three-state buffer is used at the output of the 7 storage 
registers which are controlled by two chip-enable signals. 
CE1 will independently disable B1 through B4 when it is in a 
high state. CE2 will independently disable B1 through B4 
and the OF and DC buffers when it is in the low state. 
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Continuous Clock Operation 


One complete conversion cycle can be traced through the 
HI3304 via the following steps. (Refer to timing diagram 
Figure 3). The rising edge of the clock input will start a 
“sample” phase. During this entire “High” state of the clock, 
the 16 comparators will track the input voltage and the 16 
latches will track the comparator outputs. At the falling edge 
of the clock, all 16 comparator outputs are captured by the 
16 latches. This ends the “sample” phase and starts the 
“auto balance” phase for the comparators. During this “Low” 
state of the clock the output of the latches propagates 
through the decode array and a 6-bit code appears at the D 
inputs of the output registers. On the next rising edge of the 
clock, this 6-bit code is shifted into the output registers and 
appears with time delay tp as valid data at the output of the 
three-state drivers. This also marks the start of a new 
“sample” phase, thereby repeating the conversion process 
for this next cycle. 


Pulse Mode Operation 


For sampling high speed nonrecurrent or transient data, the 
converter may be operated in a pulse mode in one of three 
ways. The fastest method is to keep the converter in the 
Sample Unknown phase, 62, during the standby state. The 
device can now be pulsed through the Auto Balance phase 
with as little as 20ns. The analog value is captured on the 
leading edge of 01 and is transferred into the output registers 
on the trailing edge of 61. We are now back in the standby 
state, 62, and another conversion can be started within 
20ns, but not later than 5us due to the eventual droop of the 
commutating capacitors. Another advantage of this method 
is that it has the potential of having the lowest power drain. 
The larger the time ratio between 92 and 61, the lower the 
power consumption. (See Timing Diagram Figure 3A). 


The second method uses the Auto Balance phase, $1, as 
the standby state. In this state the converter can stay 
indefinitely waiting to start a conversion. A conversion is 
performed by strobing the clock input with two $2 pulses. 
The first pulse starts a Sample Unknown phase and 
captures the analog value in the comparator latches on the 
trailing edge. A second 62 pulse is needed to transfer the 
date into the output registers. This occurs on the leading 
edge of the second pulse. The conversion now takes place in 
40ns, but the repetition rate may be as slow as desired. The 
disadvantage to this method is the slightly higher device 
dissipation due to the low ratio of 62 to 61. (See Timing 
Diagram Figure 3B). 


For applications requiring both indefinite standby and lowest 
power, standby can be in the 92 (Sample Unknown) state 
with two $1 pulses to generate valid data (see Figure 3C). 
The conversion process now takes 60ns. [Note that the 
above numbers do not include the tp (Output Delay) time.] 


Increased Accuracy 


In most case the accuracy of the HI3304 should be sufficient 
without any adjustments. In applications where accuracy is 
of utmost importance, two adjustments can be made to 
obtain better accuracy; i.e., offset trim and gain trim. 


Offset Trim 


In general offset correction can be done in the preamp cir- 
cuitry by introducing a DC shift to Vij, or by the offset trim of 
the op amp. When this is not possible the Vrer- input can 
be adjusted to produce an offset trim. 


The theoretical input voltage to produce the first transition is 
'/> LSB. The equation is as follows: 


Vin (0 to 1 transition) = 1/9 LSB = '/o(Vper/16) 
= Vrer/32 


Adjust offset by applying this input voltage and adjusting the 
VreF- voltage or input amplifier offset until an output code 
alternating between 0 and 1 occurs. 


Gain Trim 


In general the gain trim can also be done in the preamp circuitry 
by introducing a gain adjustment for the op amp. When this is 
not possible, then a gain adjustment circuit should be made to 
adjust the reference voltage. To perform this trim, VIN should be 
set to the 15 to overflow transition. That voltage is '/> LSB less 
than Vper+ and is calculated as follows: 


Vin (15 to 16 transition) = Vrer - VRer/32 
= Vr_er (31/32) 


To perform the gain trim, first do the offset trim and then 
apply the required Vix, for the 15 to overflow transition. Now 
adjust Vrer+ until that transition occurs on the outputs. 


Layout, Input and Supply Considerations 


The HI3304 should be mounted on a _ ground-planed, 
printed-circuit board, with good high-frequency decoupling 
Capacitors mounted as close as possible. If the supply is 
noisy, decouple Vaa+ with a resistor as shown in Figure 12A. 
The HI3304 outputs current spikes to its input at the start of 
the auto-balance and sample clock phases. A_ low 
impedance source, such as a locally-terminated 500 coax 
cable, should be used to drive the input terminal. A fast- 
settling buffer such as the HA-5033, HA-5242, or CA3450 
should be used if the source is high impedance. The Varr 
terminals also have current spikes, and should be well 
bypassed. 


Care should be taken to keep digital signals away from the 
analog input, and to keep digital ground currents away from 
the analog ground. If possible, the analog ground should be 
connected to digital ground only at the HI3304. 


Bipolar Operation 


The HI3304, with separate analog (Vaa+, Vaa-) and digital 
(Vpp; Vss) supply pins, allows true bipolar or negative input 
operation. The Vaa- pin may be returned to a negative 
supply (observing maximum voltage ratings to Vaat+ or Vpp 
and recommended rating to Vss), thus allowing the Vraer- 
potential also to be negative. Figure 12B shows operation 
with an input range of -1V to +1V. Similarly, Vaag+ and Vaer+ 
could be maintained at a higher voltage than Vpp, for an 
input range above the digital supply. 
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Digital Input and Output Levels 


The clock input is a CMOS inverter operating from and with 
logic input levels determined by the Va, supplies. If Vaa+ or 
Vaa- are outside the range of the digital supplies, it may be 
necessary to level shift the clock input to meet the required 
30% to 70% of Vaan input swing. Figure 12B shows an exam- 
ple for a negative Vaa-. 


An alternate way of driving the clock is to capacitively couple 
the pin from a source of at least 1Vp.p. An internal 50kQ 
feedback resistor will keep the DC level at the intrinsic trip 
point. Extremely non-symmetrical clock waveforms should 
be avoided, however. 


The remaining digital inputs and outputs are referenced to 
Vpp and Vss. If TTL or other lower voltage sources are to 
drive the HI3304, either pull-up resistors or CD74HCT series 
“QMOS” buffers are recommended. 


+ 
4.7F TAN 


2V REFERENCE A 
4.7,F TAN 


aviNTO50Q () = (05 


SOURCE 


ANALOG 


5-Bit Resolution 


To obtain 5-bit resolution, two HI3304s can be wired together. 
Necessary ingredients include an open-ended ladder net- 
work, an overflow indicator, three-state outputs, and chip- 
enable controls - all of which are available on the HI3304. 


The first step for connecting a 5-bit circuit is to totem-pole 
the ladder networks, as illustrated in Figure 13. Since the 
absolute-resistance value of each ladder may vary, external 
trim of the mid-reference voltage may be required. 


The overflow output of the lower device now becomes the 
fifth bit. When it goes high, all counts must come from the 
upper device. When it goes low, all counts must come from 
the lower device. This is done simply by connecting the lower 
overflow signal to the CE1 control of the lower A/D converter 
and the CE2 control of the upper A/D converter. The three- 
state outputs of the two devices (bits 1 through 4) are now 
connected in parallel to complete the circuitry. 


272 


+5V SUPPLY 


+ 
4.7.F TAN 


OUTPUT DATA 


CMOS CLOCK 
SOURCE 


DIGITAL 
=" GROUND 


FIGURE 12A. TYPICAL HI3304 UNIPOLAR CIRCUIT CONFIGURATION 


4.7F TAN 


+1V REFERENCE 
REMOTE 
+1V INTO 50 y | ° 
SOURCE 6 Cc 


502 


_l. ANALOG 
= GROUND 


272 


+5V SUPPLY 


+ 
4.7.F TAN 


OUTPUT DATA 


IN914 
CMOS CLOCK 


SOURCE 


10kQ 
0.001 pF 


-5V SUPPLY 


lL. DIGITAL 
= GROUND 


FIGURE 12B. TYPICAL HI3304 BIPOLAR CIRCUIT CONFIGURATION 
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B1 


HI3304 
FIGURE 13. TYPICAL HI3304 5-BIT CONFIGURATION 


OVERFLOW 


DECIMAL COUNT 


Oj-R-NWDAAAN @ O 


Vo V1 V2 V3 V4aV5 Ve V7 Vg Vo Vi0V41V12V13 V14Vis Vie 
INPUT VOLTAGE 


FIGURE 14. IDEAL TRANSFER CURVE 


Definitions 


Dynamic Performance Definitions 


Fast Fourier Transform (FFT) techniques are used to evaluate 
the dynamic performance of the HI3304. A low distortion sine 
wave is applied to the input, it is sampled, and the output is 
stored in RAM. The data is then transformed into the fre- 
quency domain with a 4096 point FFT and analyzed to evalu- 
ate the dynamic performance of the A/D. The sine wave input 
to the part is -0.5dB down from fullscale for all these tests. 


Signal-to-Noise (SNR) 


SNR is the measured RMS signal to RMS noise at a speci- 
fied input and sampling frequency. The noise is the RMS 
sum of all of the spectral components except the fundamen- 
tal and the first five harmonics. 


Signal-to-Noise + Distortion Ratio (SINAD) 


SINAD is the measured RMS signal to RMS sum of all other 
spectral components below the Nyquist frequency excluding DC. 


Effective Number of Bits (ENOB) 


The effective number of bits (ENOB) is derived from the 
SINAD data. ENOB is calculated from: 


ENOB = (SINAD - 1.76 + Voorp)/6.02, 


where: VcorrR = 0.5qB. 


Total Harmonic Distortion (THD) 


THD is the ratio of the RMS sum of the first 5 harmonic com- 
ponents to the RMS value of the measured input signal. 


Operating and Handling Considerations 


HANDLING 


All inputs and outputs of CMOS devices have a network for 
electrostatic protection during handling. Recommended han- 
dling practices for CMOS devices are described in 
ICAN-6525. “Guide to Better Handling and Operation of 
CMOS Integrated Circuits.” 


OPERATING 
Operating Voltage 


During operation near the maximum supply voltage limit, care 
should be taken to avoid or suppress power supply turn-on 
and turn-off transients, power supply ripple, or ground noise; 
any of these conditions must not cause the power supply volt- 
ages to exceed the absolute maximum rating. 


Input Signals 


To prevent damage to the input protection circuit, input signals 
should never be greater than Vpp or Vaat nor less than Vsg 
or Vaa- (depending upon which supply the protection network 
is referenced. See Maximum Ratings). Input currents must not 
exceed 20mA even when the power supply is off. 


Unused Inputs 


A connection must be provided at every input terminal. All 
unused input terminals must be connected to either Vpp or 
Vss, whichever is appropriate. 


Output Short Circuits 


Shorting of outputs to any supply potential may damage 
CMOS devices by exceeding the maximum device dissipation. 
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Features 

e CMOS Low Power (Typ) 

e Parallel Conversion Technique 

3V to 7.5V 
15MHz 

6-Bit Latched Three-State Output with Overflow Bit 


Linearity (INL, DNL): 
* ARBSOGIIP1S 5 ic csswctccesiswnvenconce +0.5 LSB 
= MISSOGUIPINIO 4. ccsewcsesecvisscusmawss +0.5 LSB 
- HI3306JIB/15 

= HSSOGJIB1G ei cccenevewowsmeensenenss +0.5 LSB 
Sampling Rate: 
- HI3306JIP/15 
- HI3306JIP/10 
- HI3306JIB/15 
- HI3306JIB/10 


e Single Power Supply Voltage 
Sampling Rate with Single 5V Supply 


15MHz (67ns) 
10MHz (100ns) 


15MHz (67ns) 
10MHz (100ns) 


Applications 
¢ Video Digitizing 


¢ Digital Communication Systems 


¢ High Speed Data Acquisition 


e Radar Signal Processing 


Pinouts 
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6-Bit, 15 MSPS, Flash A/D Converter 


Description 


The HI3306 family are CMOS parallel (FLASH) analog-to- 
digital converters designed for applications demanding both 
low power consumption and high speed digitization. 
Digitizing at 15MHz, for example, requires only about 55mW. 


The HI3306 family operates over a wide, full scale signal input 
voltage range of 1V up to the supply voltage. Power consump- 
tion is as low as 15mW, depending upon the clock frequency 
selected. The HI3306 offers improved linearity at a lower refer- 
ence voltage and high operating speed with a 5V supply. 


The overflow bit makes possible the connection of two or 
more HI3306s in series to increase the resolution of the 
conversion system. 


Sixty-four paralleled auto balanced comparators measure 
the input voltage with respect to a known reference to 
produce the parallel bit outputs in the HI3306. Sixty-three 
comparators are required to quantize all input voltage levels 
in this 6-bit converter, and the additional comparator is 
required for the overflow bit. 


Ordering Information 
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HI3306 (SOIC) 
TOP VIEW 


(MSB) B6[ 1, 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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Functional Block Diagram 
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Typical Application Circuit 
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Absolute Maximum Ratings Thermal Information 
DC Supply Voltage Range, Vpp Thermal Resistance (Typical, Note 1) Oya (°C/W) 
Voltage Referenced to Vss Terminal ........... -0.5V to +8.5V PDIP Package... 0... 0. ccc ce cece eee e ee eenee 75 
Input Voltage Range SOC PAGGIG: cc nd se et adbex net e onde nven ss 100 
All Inputs Except Zener................. -0.5V to Vpp +0.5V Maximum Junction Temperature... .........00c eee e eens 150°C 
DC Input Current Maximum Storage Temperature Range .......... -65°C to 150°C 
CLK, PH, CE1, CE2, Vin... eee e eee ee eee ene +20mA Maximum Lead Temperature (Soldering 10s)............. 300°C 
Operating Conditions (SUK Lone Tipe Only) 
SUpDIW Voliags ABNGG «cc ccce cece canteens een we daens 3V to 8V 
Temperature Range (Ta) .........0 eee e cece -40°C to 85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Ty, = 25°C, Vpp = 5V, Vrer+ = 4.8V, Vss = Vrer- = GND, Clock = 15MHz Square Wave for 
HI3306XXX/15, 10MHz for HIS306XXX/10 


PARAMETER TEST CONDITIONS | MIN | TYP | MAX | UNITS 
SYSTEM PERFORMANCE 
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DYNAMIC CHARACTERISTICS Input Signal Level 0.5dB Below Full Scale 
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Allowable Input Bandwidth 


Signal to Noise Ratio, SNR 


_RMS Signal 
~ RMS Noise 
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Electrical Specifications Ty, = 25°C, Vpp = 5V, Vrer+ = 4.8V, Vs = Vaer- = GND, Clock = 15MHz Square Wave for 
HI3306XXX/15, 10MHz for HI3306XXX/10 (Continued) 
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TIMING CHARACTERISTICS 

Auto Balance Time (01) HI3306XXX/10 
HI3306XXX/15 

Sample Time (62) HI3306XXX/10 | (Note 4) 
HI3306XXX/15 

Aperture Delay 

Aperture Jitter 

Output Data Valid Delay, tp HIS306XXX/10 
HI3306XXX/15 

Output Data Hold Time, ty (Note 4) 

Output Enable Time, ten 


Ww 
nik w 
on on 


Output Disable Time, tpis 

POWER SUPPLY CHARACTERISTICS 

Ipp Current, Refer to Figure 4 HI3306XXX/10 =| Continuous Conversion (Note 4) 
HI3306XXX/15 


Ipp Current Continuous $1 


NOTES: 
1. OFFSET ERROR is the difference between the input voltage that causes the 00 to 01 output code transition and (VpagF+ - Vaer-)/128. 
2. GAIN ERROR is the difference the input voltage that causes the 3F4¢ to overflow output code transition and (VpagF+ - VReF-) X 127/128. 
3. The total input voltage range, set by Vagr+ and Vp_er-, may be in the range of 1 to (Vpp + 1) V. 
4. Parameter not tested, but guaranteed by design or characterization. 


Nia] — 
a); 
3 
> 


4-229 


A/D CONVERTERS 


HIGH SPEED 


HI3306 


Timing Waveforms 
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Typical Performance Curves 
50 


Ta= 25°C, VreFt = Vpp 
Vin = 0 TO Vper+ SINE WAVE AT fo_x2 
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FIGURE 4. TYPICAL Ipp AS A FUNCTION OF Vpp 
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FIGURE 6. TYPICAL NON-LINEARITY AS A FUNCTION OF 
CLOCK SPEED 


PEAK INPUT CURRENT (mA) 
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FIGURE 8. TYPICAL PEAK INPUT CURRENT AS A FUNCTION 
OF INPUT VOLTAGE 
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MAXIMUM AMBIENT 
TEMPERATURE - PLASTIC 


AMBIENT TEMPERATURE (°C) 


VrREF+ = Vop 
Vin = 0 TO Vrer+ SINE WAVE AT fo_Ky2 
ZENER NOT CONNECTED 


Vpp (V) 


FIGURE 5. TYPICAL MAXIMUM AMBIENT TEMPERATURE AS 
A FUNCTION OF SUPPLY VOLTAGE 
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FIGURE 9. TYPICAL AVERAGE INPUT CURRENT ASA 
FUNCTION OF INPUT VOLTAGE 
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Typical Performance Curves (continued) 
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FIGURE 10. TYPICAL MAXIMUM CLOCK FREQUENCY ASA 
FUNCTION OF SUPPLY VOLTAGE 
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FIGURE 12. DATA DELAY vs TEMPERATURE 
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FIGURE 14. Ipp vs TEMPERATURE 
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FIGURE 11. DEVICE CURRENT vs SAMPLE FREQUENCY 
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FIGURE 13. ENOB vs TEMPERATURE 
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FIGURE 15. NON-LINEARITY vs TEMPERATURE 


HI3306 


Typical Performance Curves (continued) 
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FIGURE 16. ENOB vs INPUT FREQUENCY 


DESCRIPTION 


Overflow, Output. 
when the clock is low and “Auto Balance” occurs when the clock is high (see Re 


Pin Descriptions 


PIN NUMBER 


A/D CONVERTERS 
HIGH SPEED 
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TABLE 1. CHIP ENABLE TRUTH TABLE 


X = Don’t care 


a 
eC 
ne 
a 


TABLE 2. OUTPUT CODE TABLE 


(NOTE 1) 
INPUT VOLTAGE BINARY OUTPUT CODE (LSB) 


CODE DESCRIPTION 


'/ Full Scale - 1 LSB 
'/p Full Scale 
'/> Full Scale + 1 LSB 


Full Scale - 1 LSB 
Full Scale 
Overflow 


NOTE: 


DECIMAL 
COUNT 


1. The voltages listed above are the ideal centers of each output code shown as a function of its associated reference voltage. 


Device Operation 


A sequential parallel technique is used by the HI3306 con- 
verter to obtain its high speed operation. The sequence con- 
sists of the “Auto Balance” phase 61 and the “Sample 
Unknown” phase 62. (Refer to the circuit diagram.) Each 
conversion takes one clock cycle (see Note). With the phase 
control low, the “Auto Balance” (01) occurs during the High 
period of the clock cycle, and the “Sample Unknown” (62) 
occurs during the low period of the clock cycle. 


During the “Auto Balance” phase, a transmission-gate switch 
is used to connect each of 64 commutating capacitors to 
their associated ladder reference tap. Those tap voltages will 
be as follows: 


Vtap (N) = [((Vrer/64) x N] - [VRer/(2 x 64)], 
= Vrerl(2N - 1)/126), 


Where: V-,p (N) = reference ladder tap voltage at point N, 
VrReF = voltage across Vper- to Vrer+, 
N = tap number (I through 64). 


NOTE: This device requires only a single-phase clock. The 
terminology of 1 and $2 refers to the High and Low periods of the 
same clock. 

The other side of the capacitor is connected to a single- 
stage inverting amplifier whose output is shorted to its input 
by a switch. This biases the amplifier at its intrinsic trip point, 
which is approximately, (Vpp - Vss)/2. The capacitors now 
charge to their associated tap voltages, priming the circuit for 
the next phase. 


In the “Sample Unknown” phase, all ladder tap switches are 
opened, the comparator amplifiers are no longer shorted, 
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and Vix is switched to all 64 capacitors. Since the other end 
of the capacitor is now looking into an effectively open 
circuit, any voltage that differs from the previous tap voltage 
will appear as a voltage shift at the comparator amplifiers. All 
comparators whose tap voltages were lower than Vij will 
drive the comparator outputs to a “low” state. All 
comparators whose tap voltages were higher than Vij will 
drive the comparator outputs to a “high” state. A second, 
capacitor-coupled, auto-zeroed amplifier further amplifies 
the outputs. 


The status of all these comparator amplifiers are stored at 
the end of this phase (62), by a secondary latching ampli- 
fier stage. Once latched, the status of the 64 comparators 
is decoded by a 64-bit 7-bit decode array and the results 
are clocked into a storage register at the rising edge of the 
next 2. 


A three-state buffer is used at the output of the 7 storage 
registers which are controlled by two chip-enable signals. 
CE1 will independently disable B1 through B6 when it is in a 
high state. CE2 will independently disable Bi through B6 
and the overflow buffers when it is in the low state (Table 1). 


To facilitate usage of this device a phase-control input is 
provided which can effectively complement the clock as it 
enters the chip. Also, an on-board Zener is provided for use 
as a reference voltage. 


Continuous Clock Operation 


One complete conversion cycle can be traced through the 
HI3306 via the following steps. (Refer to timing diagram, 
Figure 1.) With the phase control in a “High” state, the rising 
edge of the clock input will start a “sample” phase. During 
this entire “High” state of the clock, the 64 comparators will 
track the input voltage and the 64 latches will track the com- 
parator outputs. At the falling edge of the clock, after the 
specified aperture delay, all 64 comparator outputs are cap- 
tured by the 64 latches. This ends the “sample” phase and 
starts the “auto balance” phase for the comparators. During 
this “Low” state of the clock the output of the latches propa- 
gates through the decode array and a 7-bit code appears at 
the D inputs of the output registers. On the next rising edge 
of the clock, this 7-bit code is shifted into the output registers 
and appears with time delay to as valid data at the output of 
the three-state drivers. This also marks the start of a new 
“sample” phase, thereby repeating the conversion process 
for this next cycle. 


Pulse Mode Operation 


For sampling high speed nonrecurrent or transient data, the 
converter may be operated in a pulse mode in one of three 
ways. The fastest method is to keep the converter in the 
Sample Unknown phase, 62, during the standby state. The 
device can now be pulsed through the Auto Balance phase 
with a single pulse. The analog value is captured on the 
leading edge of $1 and is transferred into the output registers 
on the trailing edge of 61. We are now back in the standby 
state, 62, and another conversion can be started, but not 
later than 5us due to the eventual droop of the commutating 
capacitors. Another advantage of this method is that it has 


the potential of having the lowest power drain. The larger the 
time ratio between 92 and 01, the lower the power 
consumption. (See Timing Waveform, Figure 3.) 


The second method uses the Auto Balance phase, $1, as 
the standby state. In this state the converter can stay 
indefinitely waiting to start a conversion. A conversion is per- 
formed by strobing the clock input with two 2 pulses. The 
first pulse starts a Sample Unknown phase and captures the 
analog value in the comparator latches on the trailing edge. 
A second 62 pulse is needed to transfer the data into the out- 
put registers. This occurs on the leading edge of the second 
pulse. The conversion now takes slightly longer, but the rep- 
etition rate may be as slow as desired. The disadvantage to 
this method is the higher device dissipation due to the low 
ratio of 62 to 01. (See Timing Waveform, Figure 3B.) 


For applications requiring both indefinite standby and lowest 
power, standby can be in the 92 (Sample Unknown) state 
with two 61 pulses to generate valid data (see Figure 3C). 
Valid data now appears two full clock cycles after starting the 
conversion process. 


Analog Input Considerations 


The HI3306 input terminal is characterized by a small 
Capacitance (see Specifications) and a small voltage- 
dependent current (See Typical Performance Curves). The 
signal-source impedance should be kept low, however, when 
operating the HI3306 at high clock rates. 


The HI3306 outputs a short (less than 10ns) current spike of 
up to several mA amplitude (See Typical Performance 
Curves) at the beginning of the sample phase. (To a lesser 
extent, a spike also appears at the beginning of auto bal- 
ance.) The driving source must recover from the spike by the 
end of the same phase, or a loss of accuracy will result. 


A locally terminated 50Q or 75Q source is generally 
sufficient to drive the HI3306. If gain is required, a high 
speed, fast settling operational amplifier, such as the 
HA-5033, HA-2542, or HA5020 is recommended. 


Digital Input And Output Interfacing 


The two chip-enable and the phase-control inputs are 
standard CMOS units. They should be driven from less than 
0.3x Vpp to at least 0.7 x Vpp. This can be done from 
74HC series CMOS (QMOS), TTL with pull-up resistors, or, if 
Vpp is greater than the logic supply, open collector or open 
drain drivers plus pull-ups. (See Figure 20.) 


The clock input is more critical to timing variations, such as 91 
becoming too short, for instance. Pull-up resistors should gen- 
erally be avoided in favor of active drivers. The clock input may 
be capacitively coupled, as it has an internal 50kQ feedback 
resistor on the first buffer stage, and will seek its own trip 
point. A clock source of at least 1Vp.p is adequate, but 
extremely non-symmetrical waveforms should be avoided. 


The output drivers have full rail-to-rail capability. If driving 
CMOS systems with Vpp below the Vpp of the HI3306, a 
CD74HC4050 or CD74HC4049 should be used to step down 
the voltage. If driving LSTTL systems, no step-down should 
be necessary, as most LSTTLs will take input swings up to 
10V to 15V. 
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Although the output drivers are capable of handling typical 
data bus loading, the capacitor charging currents will pro- 
duce local ground disturbances. For this reason, an external 
bus driver is recommended. 


Increased Accuracy 


In most cases the accuracy of the HI3306 should be suffi- 
cient without any adjustments. In applications where accu- 
racy is of utmost importance, three adjustments can be 
made to obtain better accuracy; i.e., offset trim, gain trim, 
and midpoint trim. 


Offset Trim 


In general offset correction can be done in the preamp 
circuitry by introducing a DC shift to Vij, or by the offset trim 
of the operational amplifier. When this is not possible the 
Vrer- input can be adjusted to produce an offset trim. The 
theoretical input voltage to produce the first transition is 
/> LSB. The equation is as follows: 


Vix (0 to 1 transition) = '/5 LSB = '/p(Vper/64) 
= Vrer/128. 


If Vin for the first transition is less than the theoretical, then a 
single-turn 50Q pot connected between Vp_er- and ground 
will accomplish the adjustment. Set Vix to '/2 LSB and trim 
the pot until the 0 to 1 transition occurs. 


If Vin for the first transition is greater than the theoretical, 
then the 50Q pot should be connected between Vref and a 
negative voltage of about 2 LSBs. The trim procedure is as 
stated previously. 


Gain Trim 


In general the gain trim can also be done in the preamp 
circuitry by introducing a gain adjustment for the operational 
amplifier. When this is not possible, then a gain adjustment 
circuit should be made to adjust the reference voltage. To 
perform this trim, Vijy should be set to the 63 to overflow 
transition. That voltage is "Ip LSB less than Vrer+ and is 
calculated as follows: 


Vin (63 to 64 transition) = Vraer - Vaer/128 
= Vrer(127/128) 


To perform the gain trim, first do the offset trim and then 
apply the required Vix for the 63 to overflow transition. Now 
adjust Vper+ until that transition occurs on the outputs. 


Midpoint Trim 


The reference center (RC) is available to the user as the 
midpoint of the resistor ladder. To trim the midpoint, the off- 
set and gain trims should be done first. The theoretical tran- 
sition from count 31 to 32 occurs at 31 "fp LSBs. That voltage 
is as follows: 


Vin (31 to 32 transition) = 31.5 (Vraer/64) 
= Vrer(63/128) 
An adjustable voltage follower can be connected to the RC 


pin or a 2kQ pot can be connected between Vrer+ and 
Vrer- with the wiper connected to RC. Set Vy to the 31 to 


32 transition voltage, then adjust the voltage follower or the 
pot until the transition occurs on the output bits. 


The Reference Center point can also be used to create 
unique transfer functions. The user must remember, however, 
that there is approximately 120Q in series with the RC pin. 


Applications 


7-Bit Resolution 


To obtain 7-bit resolution, two HI3306s can be wired together. 
Necessary ingredients include an open-ended ladder 
network, an overflow indicator, three-state outputs, and chip- 
enabler controls - all of which are available on the HI3306. 


The first step for connecting a 7-bit circuit is to totem-pole 
the ladder networks, as illustrated in Figure 17. Since the 
absolute resistance value of each ladder may vary, external 
trim of the mid-reference voltage may be required. 


The overflow output of the lower device now becomes the 
seventh bit. When it goes high, all counts must come from 
the upper device. When it goes low, all counts must come 
from the lower device. This is done simply by connecting the 
lower overflow signal to the CE1 control of the lower A/D 
converter and the CE2 control of the upper A/D converter. 
The three-state outputs of the two devices (bits 1 through 6) 
are now connected in parallel to complete the circuitry. 


Doubled Sampling Speed 


The phase control and both positive and negative true chip 
enables allow the parallel connection of two HI3306s to dou- 
ble the sampling speed. Figure 18 shows this configuration. 
One converter samples on the positive phase of the clock, 
and the second on the negative. The outputs are also alter- 
nately enabled. Care should be taken to provide a near 
square-wave clock it operating at close to the maximum 
clock speed for the devices. 


8-Bit to 12-Bit Conversion Techniques 


To obtain 8-bit to 12-bit resolution and accuracy, use a feed- 
forward conversion technique. Two A/D converters will be 
needed to convert up to 11 bits; three A/D converters to 
convert 12 bits. The high speed of the HI3306 allows 12-bit 
conversions in the 500ns to 900ns range. 


The circuit diagram of a high-speed 12-bit A/D converter is 
shown in Figure 19. In the feed-forward conversion method 
two sequential conversions are made. Converter A first does 
a coarse conversion to 6 bits. The output is applied to a 6-bit 
D/A converter whose accuracy level is good to 12 bits. The 
D/A converter output is then subtracted from the input volt- 
age, multiplied by 32, and then converted by a second flash 
A/D converter, which is connected in a 7-bit configuration. 
The answers from the first and second conversions are 
added together with bit 1 of the first conversion overlapping 
bit 7 of the second conversion. 


When using this method, take care that: 
¢ The linearity of the first converter is better than "Is LSB. 


e An offset bias of 1 LSB (1/64) Is subtracted from the first 
conversion since the second converter is unipolar. 
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e The D/A converter and its reference are accurate to the 
total number of bits desired for the final conversion (the A/D 
converter need only be accurate to 6 bits). 


The first converter can be offset-biased by adding a 20Q 
resistor at the bottom of the ladder and increasing the reference 
voltage by 1 LSB. If a 6.4V reference is used in the system, for 
example, then the first HI3306 will require a 6.5V reference. 


Definitions 


Dynamic Performance Definitions 


Fast Fourier Transform (FFT) techniques are used to evaluate 
the dynamic performance of the converter. A low distortion 
sine wave is applied to the input, it is sampled, and the output 
is stored in RAM. The data is then transformed into the 
frequency domain with a 4096 point FFT and analyzed to 
evaluate the dynamic performance of the A/D. The sine wave 
input to the part is -0.5dB down from full scale for all these 
tests. 


Signal-to-Noise (SNR) 


SNR is the measured RMS signal to RMS noise at a 
specified input and sampling frequency. The noise is the 
RMS sum of all of the spectral components except the 
fundamental and the first five harmonics. 


Signal-to-Noise + Distortion Ratio (SINAD) 


SINAD is the measured RMS signal to RMS sum of all 
other spectral components below the Nyquist frequency 
excluding DC. 


Effective Number of Bits (ENOB) 


The effective number of bits (ENOB) is derived from the 
SINAD data. ENOB is calculated from: 


ENOB = (SINAD - 1.76 + VcorR)/6.02, 
where: Voorr = 0.5dB. 


Total Harmonic Distortion (THD) 


THD is the ratio of the RMS sum of the first 5 harmonic 
components to the RMS value of the measured input signal. 


Operating and Handling Considerations 


HANDLING 


All inputs and outputs of Harris CMOS devices have a net- 
work for electrostatic protection during handling. Recom- 
mended handling practices for CMOS devices are described 
in AN6525. “Guide to Better Handling and Operation of 
CMOS Integrated Circuits.” 


OPERATING 


Operating Voltage 


During operation near the maximum supply voltage limit, 
care should be taken to avoid or suppress power supply 
turn-on and turn-off transients, power supply ripple, or 
ground noise; any of these conditions must not cause 
Vpp - Vss to exceed the absolute maximum rating. 


Input Signals 


To prevent damage to the input protection circuit, input sig- 
nals should never be greater than Vpp nor less than Vss. 
Input currents must not exceed 20mA even when the power 
supply is off. The Zener (pin 4) is the only terminal allowed to 
exceed Vpp. 


Unused Inputs 


A connection must be provided at every input terminal. All 
unused input terminals must be connected to either Vpp or 
Vss, whichever is appropriate. 


Output Short Circuits 


Shorting of outputs to Vpp or Vss may damage CMOS 
devices by exceeding the maximum device dissipation. 
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Application Circuits 


OF 


B7 


(MSB) 
B6 


B5 


B4 | DATA 
OUTPUT 


B3 


B2 


VIN 


Vrer+ VREF- 


ADJUST POT 
TO uP Vz 


NOTE: 
Vpp MUST BE > Vz FOR CIRCUIT TO WORK 
WITH Vz CONNECTED TO Vpgr+ 


(_) SIGNAL 
ae INPUT 


FIGURE 17. TYPICAL HI3306 7-BIT RESOLUTION CONFIGURATION 
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Application Circuits (Continued) 


(MSB) 
BE 
BS 
B4 
DATA 
OUTPUT 
B3 
CLOCK B2 
INPUT 


” 

ADJUST POT oc 
TO 1/5 Vz we 
cw 
Wi a 
> 7) 
5G 
== 

Q 

2 


NOTE: 
Vpp MUST BE > Vz FOR CIRCUIT TO WORK 
WITH Vz CONNECTED TO Vrgr+ 


(_) SIGNAL 
= (S) INPUT 


0.1pF 


ilb~-3 


FIGURE 18. TYPICAL HI3306 6-BIT RESOLUTION CONFIGURATION WITH DOUBLE SAMPLING RATE CAPABILITY 
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Application Circuits (continued) 


BINARY 
ADDER 
Be’ Bi2 
S/H, Vin I 
I 
| 
| 
| 
B6 | 
+ en” 6-BIT DAC i 
64 (12-BIT ACCURACY) i 
X32 
> . 
Bi | 
NO. 3 
6-BIT 
FLASH 
ADC 
CONTROL 
LOGIC 
FIGURE 19. TYPICAL HI3306, 800ns, 12-BIT ADC SYSTEM 
5V Vv HI3306 Vv 
i in HI3306 INPUT 
TYPICAL FOR: 
CLK 
HI3306 INPUTS si 
TYPICAL FOR: 
PHASE 0.01,F 
CET 
CE2 
74LS04 
OPEN COLLECTOR DRIVER 
HI3306 OUTPUTS 
TYPICAL FOR: 
Bi 
B2 CD74HC 4049 (INV.), OR 
B3 CD74HC4050 (NON-INV.), OR 
B4 ANY LOW POWER SCHOTTKY 
B5 TTL WITH HIGH INPUT VOLTAGE 
ae RATING (MANY LS DEVICES ARE 
RATED TO ACCEPT VOLTAGES 
UP TO 15V). 


FIGURE 20. 5V LOGIC INTERFACE CIRCUIT FOR Vpp > 5.5V 
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Features Description 

¢ CMOS Low Power (Typ)........-.eseseeee: 150mW~ The HI3318 is a CMOS parallel (FLASH) analog-to-digital 

© Parallel C lon Techint converter designed for applications demanding both low 
hae eee ee eee power consumption and high speed digitization. 

e Sampling Rate at 5V Supply................ 15MHz 


& PEOUACY TIVP) 6 <ck ccs toned ev av ewnneaws +1 LSB ated from a 5V supply at a clock frequency of 15MHz, the 
¢ Single Supply Voltage...............00- 4V to 7.5V__ typical power consumption of the HI3318 is 150mW. 
¢ Linearity (INL): 256 paralleled auto balanced voltage comparators measure 
~ HIB31B0IP .. oc cece ccc cece ccc cccccece +1.5LSB_ the input voltage with respect to a known reference to pro- 
i duce the parallel bit outputs in the HI3318. 255 comparators 
* DESIGIE vaca seers eReeR Tere eRe ene +1.5 LSB are required to quantize all input voltage levels in this 8-bit 
¢ Sampling Rate: converter, and the additional comparator is required for the 
+e AISSISUP acc ckavensennnanee sun 15MHz (67ns) °Verflow bit. 
* HSSIGdIG iccveeweriaascceuceines 15MHz (67ns ‘ 5 
ee Ordering Information 
¢ Video Digitizing 
= Linke: TEMP. 
¢ Medical Imaging S 
fassene [owes [atsror [eas | | |B 
e Radar Signal Processing = “ 
=r 
OG 
, OF 
Pinout = 
HI3318 
(PDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


8-Bit Latched Three-State Output with Overflow Bit 


(DIG. GND) Vsg | 11] 
(DIG. SUP.) Vpp | 12! 


Copyright © Harris Corporation 1997 


The HI3318 operates over a wide full scale input voltage 
range of 4V up to 7.5V with maximum power consumption 
depending upon the clock frequency selected. When oper- 


(LSB) B1 | 1| 124] Vaa+ (ANA. SUP.) 
B2 | 2| 3/4R 
B3 | 3| VrREFt 
B4 | 4 21} Vin 
BS [5 | [20] p 
B6 19] PHASE 
B7 18} CLK 
(MSB) B8 | 8 | Vaa- (ANA. GND) 
OVERFLOW | 9| 16} Vin 


1/4R [10 


File Number 
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Functional Block Diagram 


Vaat Vpp 
ANALOG 62 1 : 4 : 2 1 DIGITAL ¢_7a] 
[24}+-> suppiy % ° ° ” 8 ° ° SUPPLY 

oureur “Wie 
4 | REGISTER DRIVERS OVER- 
Pal | COUNT FLOW 

256 
> DQ Da a DQ > 
CAB CLK 

| BIT 8 
(MSB) 


o 
© 


> 
ENCODER Ze 
LOGIC 


1 
2) rs 
w 
RE 
ba | 


> arr Tle 


1: 


CLK 


1 Ea) EE 
N77 Ly 
-]3 3 


CLK 


1 
Ry 
4] 5 


= 
Ew, 
fs] 5 


COMPARATOR #1 


DQ 
esl ve 
BIT 1 
(LSB) 
DQ 


CLK 


$1 (AUTO BALANCE) 


$2 (SAMPLE UNKNOWN) 


ANALOG 


GND <I << 


DIGITAL 4 —{i1] 
GND 
NOTE: 
1. Cascaded Auto Balance (CAB). 


4-242 


HI3318 


Absolute Maximum Ratings Ty, = 25°C 


DC Supply Voltage Range (Vpp Or Vaat)...--.--- -0.5V to +8V 
(Referenced to Vss or Vaa- Terminal, Whichever is 
More Negative) 

Input Voltage Range 


CEA SOO CET cassavceexcesniciuns Vaa- -0.5V to Vpp + 0.5V 
Clock, Phase, VpgF-, '/o Ref....... Vaa- -0.5V to Vaat + 0.5V 
Clock, Phase, Varr-, '/4 Ref........ Vgs- -0.5V to Vpp + 0.5V 
Vin, 9/4 REF, Vaert.-.-. 2-0 e ee eee Vaa- -0.5V to Vaa- + 7.5V 

Output Voltage Range,............... Vss - 0.5V to Vpp + 0.5V 
Bits 1-8, Overflow (Outputs Off) 

7 Ot CATON, bo ine cee n et ee dew nseeeseruseeeanes +20mA 
Clock, Phase, CE1, CE2, Vy, Bits 1-8, Overflow 

Recommended Vaa+ Operating Range............... Vpp +1V 

Recommended Vaa- Operating Range ............... Vss +1V 


Operating Conditions 


Operating Voltage Range (Vpp or Vaat). .. 4V (Min) to 7.5V (Max) 
Temperature Range (Ta) .......-. 000 e cece eens -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) 


POP FOORROG « 6450 cear knee eben age 
SOG PACKG0G. cin acckevcassantecews 
Maximum Junction Temperature.......... 
Maximum Storage Temperature Range .... 
Maximum Lead Temperature (Soldering 10s) 
(SOIC - Lead Tips Only) 


Qya(CCW) 
ee 60 


i peaianey neon 150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. @ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications At 25°C, Vaa+ = Vpp = 5V, Vrert = 6.4V, Vrer- = Vaa- = Vss, CLK = 15MHz, 
All Reference Points Adjusted, Unless Otherwise Specified 


[_____ PARAMETER | TESTCONDIIONS | MIN] TvP_] WAX | UNITS 


SYSTEM PERFORMANCE 
Resolution 


Signal to Noise Ratio, SNR 


_ RMS Signal 
~ RMS Noise 


Signal to Noise Ratio, SINAD 


_ RMS Signal 
~ RMSNoise + Distortion 


Total Harmonic Distortion, THD 


ANALOG INPUTS 


Full Scale Range, VIN and (VREFt) 7 (VREF-) 


REFERENCE INPUTS 


LSB 
LSB 


[Ladderimpedance ——SCS~CSCSCSSSSCSCSCSCSCSCSCS Os 
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Electrical Specifications At 25°C, Vaq+ = Vpp = 5V, Vrer+ = 6.4V, Vraer- = Vaa- = Vg, CLK = 15MHz, 
All Reference Points Adjusted, Unless Otherwise Specified (Continued) 


[____ PARAMETER] __TESTCONDITIONS | MIN] Tye] MAX | UNITS | 


DIGITAL INPUTS 


Low Level Input Voltage, Vo. 
CE1, CE2 Note 4 0.2Vpp V 


[Phase OK SSCS Nt SSCS | 


High Level Input Voltage, Vij 
0-7Van a ae 
finputGapactance,G CSCS 


DIGITAL OUTPUTS 

Output Low (Sink) Current 

Output High (Source) Current 

Three-State Output Off-State Leakage Current, loz 
Output Capacitance, Co 

TIMING CHARACTERISTICS 


Vo = 0.4V 
Vo = 4.5V 


[AuoBatrceie.et Cid 
[Sample Time, ¢2 00 Noto | 500 | ns 
|Aperture Delay tts 
JAperture Jitter 00s 
[Data ValidTime,tp Note ts 
[DataHoldTimety Nt ts 
JOutputEnableTime ten tts 
[Output DisableTime tps Pts 


POWER SUPPLY CHARACTERISTICS 
Device Current (Ipp + la) (Excludes Iperf) 


Continuous Conversion (Note 4) 
Auto Balance (61) 


af 
>| > 


= 


NOTES: 
1. A full scale sine wave input of greater than fo,_/2 or the specified input bandwidth (whichever is less) may cause an erroneous code. The 
-3dB bandwidth for frequency response purposes is greater than 30MHz. 
2. Vin (Full Scale) or Vagr+ should not exceed Vaa+ + 1.5V for accuracy. 
3. The clock input is a CMOS inverter with a 50k2 feedback resistor and may be AC coupled with 1Vp.p minimum source. 
4. Parameter not tested, but guaranteed by design or characterization. 


Timing Waveforms 


COMPARATOR DATA IS LATCHED DECODED DATA IS SHIFTED 
" Pas TO OUTPUT REGISTERS 
CLOCK (PIN 18) 
IF PHASE (PIN 19) 1 2 2 
iS LOW | | 
CLOCK IF SAMPLE AUTO SAMPLE SAMPLE 
PHASE IS HIGH N BALANCE N+1 BALANCE N+2 


a. Ty 


XXX _E_ XXX XX) 


FIGURE 1. INPUT TO OUTPUT TIMING DIAGRAM 
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Timing Waveforms (continued) 


CE7 
CE2 
oleae Coal 
tis ten 
———— 
tois ten 
BITS 1-8 DATA DATA 
HIGH . HIGH 
IMPEDANCE IMPEDANCE 
OF DATA 


HIGH 
IMPEDANCE 


FIGURE 2. OUTPUT ENABLE TIMING DIAGRAM 


AUTO 
BALANCE 


AUTO 
BALANCE 


SAMPLE SAMPLE 


CLOCK 


DATA 


FIGURE 3A. STANDBY IN INDEFINITE AUTO BALANCE (SHOWN WITH PHASE = LOW) 


AUTO 
BALANCE 


AUTO 
BALANCE 


SAMPLE 
N+2 


SAMPLE 


CLOCK 
N+1 


25ns 
MIN 


DATA 


FIGURE 3B. STANDBY IN SAMPLE (SHOWN WITH PHASE = LOW) 
FIGURE 3. PULSE MODE OPERATION 
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Typical Performance Curves 


40 28 
35 
27 
30 
iam — 26 
< < 
E 25 E 
Qa 
Q 
’ 2 25 
20 
45 24 
10 23 
0 10 20 30 -50 -25 0 25 50 75 100 
fs (MHz) TEMPERATURE (°C) 
FIGURE 4. DEVICE CURRENT vs SAMPLE FREQUENCY FIGURE 5. DEVICE CURRENT vs TEMPERATURE 


ENOB (LSB) 
NON-LINEARITY (LSB) 


0 
-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 
TEMPERATURE (°C) 


0 
40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 
TEMPERATURE (°C) 


FIGURE 6. ENOB vs TEMPERATURE FIGURE 7. NON-LINEARITY vs TEMPERATURE 


NON-LINEARITY (LSB) 
NON-LINEARITY (LSB) 


fs (MHz) Vrer (V) 


FIGURE 8. NON-LINEARITY vs SAMPLE FREQUENCY FIGURE 9. NON-LINEARITY vs REFERENCE VOLTAGE 
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Typical Performance Curves (continued) 
8.0 


1.5 2.0 


ENOB (BITS) 
5 
VA 


25 3.0 35 40 45 5.0 


f, (MHz) 


FIGURE 10. ENOB vs INPUT FREQUENCY 


Pin Descriptions 


LUPIN | NAME | DESCRIPTION, 
Output Data Bits 
Ee 
ee 


Co 
Co 
Co 


Digital Ground 
Digital Power Supply, +5V 


Three-State Output Enable Input, 
Active Low, See Truth Table. 
Three-State Output Enable Input 
Active High. See Truth Table. 
Reference Voltage Negative Input 
19 PHASE Sample clock phase control input. 

known” occurs when the clock is low 
and “Auto Balance” occurs when the 
clock is high (see text). 

| Vin | Analog Signal Input 

Reference Voltage Positive Input 

Reference Ladder 3/4 Point 


When PHASE is low, “Sample Un- 
Se Reference Ladder Midpoint 
Analog Power Supply, +5V 


0 ot R 


CHIP ENABLE TRUTH TABLE 


X = Don’t Care 


Theory of Operation 


A sequential parallel technique is used by the HI3318 con- 
verter to obtain its high speed operation. The sequence con- 
sists of the “Auto-Balance” phase, 91, and the “Sample 
Unknown’ phase, $2. (Refer to the circuit diagram.) Each con- 
version takes one clock cycle (see Note). With the phase con- 
trol (pin 19) high, the “Auto-Balance” ($1) occurs during the 
high period of the clock cycle, and the “Sample Unknown” (62) 
occurs during the low period of the clock cycle. 


NOTE: The device requires only a single phase clock The terminol- 
ogy of 1 and $2 refers to the high and low periods of the same clock. 


During the “Auto-Balance” phase, a transmission switch is 
used to connect each of the first set of 256 commutating 
capacitors to their associated ladder reference tap. Those 
tap voltages will be as follows: 


Vtap (N) = [(N/256) Vrer] - (1/512) VRerl 
= [(2N - 1)/512] Vref, 


Where: 


Vtap (n) = reference ladder tap voltage at point n, 
Vref = voltage across Vrer- to Vacr+, 
N = tap number (1 through 256). 


The other side of these capacitors are connected to single- 
stage amplifiers whose outputs are shorted to their inputs by 
switches. This balances the amplifiers at their intrinsic trip 
points, which is approximately (Vaat+ - Vaa-)/2. The first set 
of capacitors now charges to their associated tap voltages. 


At the same time a second set of commutating capacitors and 
amplifiers is also auto-balanced. The balancing of the second- 
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stage amplifier at its intrinsic trip point removes any tracking 
differences between the first and second amplifier stages. The 
cascaded auto-balance (CAB) technique, used here, 
increases comparator sensitivity and temperature tracking. 


In the “Sample Unknown” phase, all ladder tap switches and 
comparator shorting switches are opened. At the same time 
Vin is switched to the first set of commutating capacitors. Since 
the other end of the capacitors are now looking into an effec- 
tively open circuit, any input voltage that differs from the previ- 
ous tap voltage will appear as a voltage shift at the comparator 
amplifiers. All comparators that had tap voltages greater than 
Vin will go to a “high” state at their outputs. All comparators that 
had tap voltages lower than Viv will go to a “low’ state. 


The status of all these comparator amplifiers is AC coupled 
through the second-stage comparator and stored at the end 
of this phase (2) by a latching amplifier stage. The latch 
feeds a second latching stage, triggered at the end of 01. 
This delay allows comparators extra settling time. The status 
of the comparators is decoded by a 256 to 9-bit decoder 
array, and the results are clocked into a storage register at 
the end of the next $2. 


A 3-stage buffer is used at the output of the 9 storage 
registers which are controlled by two chip-enable signals. 
CE1 will independently disable B1 through B6 when it is in a 
high state. CE2 will independently disable B1 through B8 
and the OF buffers when it is in the low state. 


To facilitate usage of this device, a phase control input is 
provided which can effectively complement the clock as it 
enters the chip. 


Continuous-Clock Operation 


One complete conversion cycle can be traced through the 
HI3318 via the following steps. (Refer to timing diagram.) With 
the phase control in a “low’ state, the rising edge of the clock 
input will start a “sample” phase. During this entire “high” state 
of the clock, the comparators will track the input voltage and the 
first-stage latches will track the comparator outputs. At the fall- 
ing edge of the clock, all 256 comparator outputs are captured 
by the 256 latches. This ends the “sample” phase and starts the 
“auto-balance” phase for the comparators. During this “low” 
state of the clock, the output of the latches settles and is cap- 
tured by a second row of latches when the clock returns high. 
The second-stage latch output propagates through the decode 
array, and a 9-bit code appears at the D inputs of the output 
registers. On the next falling edge of the clock, this 9-bit code is 
shifted into the output registers and appears with time delay tp 
as valid data at the output of the three-state drivers. This also 
marks the end of the next “sample” phase, thereby repeating 
the conversion process for this next cycle. 


Pulse-Mode Operation 


The HI3318 needs two of the same polarity clock edges to 
complete a conversion cycle: If, for instance, a negative 
going clock edge ends sample “N’, then data “N” will appear 
after the next negative going edge. Because of this require- 
ment, and because there is a maximum sample time of 
500ns (due to capacitor droop), most pulse or intermittent 
sample applications will require double clock pulsing. 


lf an indefinite standby state is desired, standby should be in 
auto-balance, and the operation would be as in Figure 3A. 


If the standby state is known to last less than 500ns and low- 
est average power is desired, then operation could be as in 
Figure 3B. 


increased Accuracy 


In most cases the accuracy of the HI3318 should be suffi- 
cient without any adjustments. In applications where accu- 
racy is of utmost importance, five adjustments can be made 
to obtain better accuracy, i.e., offset trim; gain trim; and "M4, 
"fp and 9/4 point trim. 


Offset Trim 


In general, offset correction can be done in the preamp cir- 
Ccuitry by introducing a dc shift to Vix or by the offset trim of 
the op amp. When this is not possible the Vragr- input can 
be adjusted to produce an offset trim. The theoretical input 
voltage to produce the first transition is "fo LSB. The equa- 
tion is as follows: 


Vin (0 to 1 transition) = 1/5 LSB = '/o (Vpgr/256) 
= Vref/512. 


If Vix for the first transition is less than the theoretical, then a 
single-turn 50Q pot connected between Vper- and ground 
will accomplish the adjustment. Set Vix to ‘/2 LSB and trim 
the pot until the 0-to-1 transition occurs. 


If Vin, for the first transition is greater than the theoretical, 
then the 50Q pot should be connected between Vp_er- anda 
negative voltage of about 2 LSBs. The trim procedure is as 
stated previously. 


Gain Trim 


In general, the gain trim can also be done in the preamp 
circuitry by introducing a gain adjustment for the op amp. 
When this is not possible, then a gain adjustment circuit 
should be made to adjust the reference voltage. To perform 
this trim, Vix, should be set to the 255 to overflow transition. 
That voltage is "fg LSB less than Vper+ and is calculated as 
follows: 


Vin (255 to 256 transition) = Vraer - VRer/512 
= Vaer(511/512). 
To perform the gain trim, first do the offset trim and then 


apply the required Vix for the 255 to overflow transition. Now 
adjust Varr+ until that transition occurs on the outputs. 


+10V TO 30V 
INPUT 


NOTE: Bypass Vper+ to analog GND near A/D with 0.1.F ceramic 
cap. Parts noted should have low temperature drift. 


FIGURE 11. TYPICAL VOLTAGE REFERENCE SOURCE FOR 
DRIVING Vrer+ INPUT 
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"% Point Trims 


The 1/4, '/> and 3/4 points on the reference ladder are 
brought out for linearity adjusting or if the user wishes to 
create a nonlinear transfer function. The "Vg points can be 
driven by the reference drivers shown (Figure 12) or by 2-K 
pots connected between Vprger+ and Vrer-. The "No (mid-) 
point should be set first by applying an input of 257/512 x 
(Vref) and adjusting for an output changing from 128 to 
129. Similarly the M4 and 3/, points can be set with inputs of 
129/512 and 385/512 x (VreF) and adjusting for counts of 
192 to 193 and 64 to 65. (Note that the points are actually 
/4,'/o and 9/4 of full scale +1 LSB.) 


+10V TO +30V 


3/4 REF 
(PIN 23) 


'/p REF 
(PIN 20) 


1/4 REF 
(PIN 10) 


NOTES: 
1. All Op Amps = 9/4 CA324E. 


2. Bypass all reference points to analog ground near A/D with 0.1pF 
ceramic caps. 


3. Adjust Vref, first, then /g, 3/4 and "% points. 


FIGURE 12. TYPICAL "Ig POINT DRIVERS FOR ADJUSTING 
LINEARITY (USE FOR MAXIMUM LINEARITY) 


9-Bit Resolution 


To obtain 9-bit resolution, two HI3318s can be wired together. 
Necessary ingredients include an open-ended ladder net- 
work, an overflow indicator, three-state outputs, and chip- 
enable controls, all of which are available on the HI3318. 


The first step for connecting a 9-bit circuit is to totem-pole 
the ladder networks, as illustrated in Figure 13. Since the 
absolute resistance value of each ladder may vary, external 
trim of the mid-reference voltage may be required. 


The overflow output of the lower device now becomes the 
ninth bit. When it goes high, all counts must come from the 
upper device. When it goes low, all counts must come from 
the lower device. This is done simply by connecting the lower 
overflow signal to the CE1 control of the lower A/D converter 
and the CE2 control of the upper A/D converter. The three- 
state outputs of the two devices (bits 1 through 8) are now 
connected in parallel to complete the circuitry. The complete 
circuit for a 9-bit A/D converter is shown in Figure 14. 


Grounding/Bypassing 


The analog and digital supply grounds of a system should be 
kept separate and only connected at the A/D. This keeps 
digital ground noise out of the analog data to be converted. 
Reference drivers, input amps, reference taps, and the Vaa 


supply should be bypassed at the A/D to the analog side of 
the ground. See Figure 15 for a block diagram of this con- 
cept. All capacitors shown should be low impedance 0.1uF 
ceramics and should be mounted as close to the A/D as pos- 
sible. If Vaa+ is derived from Vpp, a small (10Q resistor or 
inductor and additional filtering (4.7uF tantalum) may be 
used to keep digital noise out of the analog system. 


Input Loading 


The HI3318 outputs a current pulse to the Vix, terminal at the 
start of every sample period. This is due to capacitor charg- 
ing and switch feedthrough and varies with input voltage and 
sampling rate. The signal source must be capable of recov- 
ering from the pulse before the end of the sample period to 
guarantee a valid signal for the A/D to convert. Suitable high 
speed amplifiers include the HA-5033, HA-2542; and 
CA3450. Figure 16 is an example of an amplifier which 
recovers fast enough for sampling at 15MHz. 


Output Loading 


The CMOS digital output stage, although capable of driving 
large loads, will reflect these loads into the local ground. It is 
recommended that a local QMOS buffer such as 
CD74HC541 E be used to isolate capacitive loads. 


Definitions 
Dynamic Performance Definitions 


Fast Fourier Transform (FFT) techniques are used to evaluate 
the dynamic performance of the converter. A low distortion sine 
wave is applied to the input, it is sampled, and the output is 
stored in RAM. The data is then transformed into the frequency 
domain with a 4096 point FFT and analyzed to evaluate the 
dynamic performance of the A/D. The sine wave input to the 
part is -0.5dB down from full scale for all these tests. 


Signal-to-Noise (SNR) 


SNR is the measured RMS signal to RMS noise at a speci- 
fied input and sampling frequency. The noise is the RMS 
sum of all of the spectral components except the fundamen- 
tal and the first five harmonics. 


Signal-to-Noise + Distortion Ratio (SINAD) 


SINAD is the measured RMS signal to RMS sum of all 
other spectral components below the Nyquist frequency 
excluding DC. 


Effective Number of Bits (ENOB) 


The effective number of bits (ENOB) is derived from the 
SINAD data. ENOB is calculated from: 


ENOB = (SINAD - 1.76 + Voorpr)/6.02, 
where: Vcoorr = 0.5dB. 
Total Harmonic Distortion (THD) 


THD is the ratio of the RMS sum of the first 5 harmonic com- 
ponents to the RMS value of the measured input signal. 
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+6.4V REF 
+5V 


ViNt1 
OV TO 6.4V 


MID-POINT 
6.4V REF DRIVER 


=A 
BIT 9 
BIT 8 
BIT 1 
45V CLOCK 
PHASE 
A 
FIGURE 13. USING TWO HI3318s FOR 9-BIT RESOLUTION 
4.7uF/10V TANTALUM .. + 
+5V (ANALOG SUPPLY) 
A . Vaat 
~ 3/4 REF 
+4V TO +6.5V 
REFERENCE VREFt+ 
DIGITAL 
OPTIONAL CAP OUTPUT 
(SEE TEXT) 


0.01,F 


CLOCK 5__ 
SOURCE 


INPUT SIGNAL Ie 
AMPLIFIER/BUFFER 
(SEE TEXT) 


4.7uF 
TANTALUM/10V 


ol 


+5V (DIGITAL SUPPLY) 


FIGURE 14. TYPICAL CIRCUIT CONFIGURATION FOR THE HI3318 WITH NO LINEARITY ADJUST 
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VIN 
OUTP 
Vin OUTPUT [__> DIGITAL 


VREFt 


SIGNAL 
SOURCE 


SIGNAL 


GROUND REFERENCE 


TAPS 


SYSTEM 
DIGITAL 
GROUND 
ANALOG * VAA Vpp 
SUPPLIES SUPPLY SUPPLY 


FIGURE 15. TYPICAL SYSTEM GROUNDING/BYPASSING 


+8V 
1Vp.p (Oo) 10Q 


VIDEO 14 a 
0.001 pF 
INPUT 
752 11 8 T 
6= 10Q 16 


5pF 9 
= = INPUT 
3 
+e 7 


102 750 1102 
OV TO -10V 
-4V 0.1 = OFFSET SOURCE 
Rs < 102 


NOTE: Ground-planing and tight layout are extremely important. 


FIGURE 16. TYPICAL HIGH BANDWIDTH AMPLIFIER FOR DRIVING THE HI3318 
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HI3318 


TABLE 1. OUTPUT CODE TABLE 


(NOTE 1) 
INPUT VOLTAGE 


CODE 
DESCRIPTION 


'/p Full Scale - 1 LSB 
'/p Full Scale 
'/p Full Scale + 1 LSB 
° 


34 Full Scale 


Full Scale - 1 LSB 
Full Scale 


Over Flow 


BINARY OUTPUT CODE 


VREF VREF MSB LSB | DECIMAL 
6.40V (V) | 5.12V (V) B8 B7 B1 COUNT 
0.00 0.00 0 0 0 0 0 0 0 0 0 


NOTE: 1. The voltages listed above are the ideal centers of each output code shown as a function of its associated reference voltage. 


Reducing Power 


Most power is consumed while in the auto-balance state. 
When operating at lower than 15MHz clock speed, power 
can be reduced by stretching the sample (2) time. The con- 
straints are a minimum balance time (01) of 33ns, and a 
maximum sample time of 500ns. Longer sample times cause 
droop in the auto-balance capacitors. Power can also be 
reduced in the reference string by switching the reference on 
only during auto-balance. 


Clock Input 


The Clock and Phase inputs feed buffers referenced to Vaa+ 
and Vaa-. Phase should be tied to one of these two poten- 
tials, while the clock (if DC coupled) should be driven at least 
from 0.2 to 0.7 x (Vaat - Vaa-). The clock may also be AC 
coupled with at least a 1Vp_p swing. This allows TTL drive 
levels or 5V QMOS levels when Vaa+ is greater than 5V. 
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Dual 8-Bit, 60 MSPS, A/D Converter 
with Internal Voltage Reference 


tt SEMICONDUCTOR 


ADVANCE INFORMATION 


August 1997 


Features Description 

® Sampling ROS «noc ss cstv scevscaanaw was 60 MSPS_ The HI5662 is a monolithic, Dual 8-bit, analog-to-digital 

¢ TBD Bits at fy = 10MHz converter fabricated in a CMOS process. It is designed for 
high speed applications where wide bandwidth and low 

e Low Power at 60 MSPS ...............-.4-. 600mMW power consumption are essential. Its 60 MSPS speed is 

e Wide Full Power Input Bandwidth .......... 250MHz made possible by a fully differential pipelined architecture 


e On Chip Sample and Holds 


Internal Band-gap Voltage Reference .......... 2.5V 
¢ Fully Differential or Single-Ended Analog Inputs 


with both an internal sample and hold and internal band-gap 
voltage reference. 


The HI5662 has excellent dynamic performance while 
consuming only 600mW power at 60 MSPS. Data output 


e Single Supply Voltage .............cccceeeeuaes +5V latches are provided which present valid data to the output 
° TTL/CMOS Compatible Digital Inputs bus with a latency of 7 clock cycles. 
e CMOS Compatible Digital Outputs.......... 3.0/5.0V Refer to the HI5762 data sheet for 10-bit resolution. 


¢ Offset Binary Digital Data Output Format 


Ordering Information 


Applications 


PART TEMP. 
NUMBER | RANGE (°C) 
HI5662IN -40to85 |44Ld MOFP Q44.10x10 
HI5662EVAL1 [os | Evaluation Board 


¢ Wireless Local Loop 


e /Q Demodulation 


e Medical Imaging 


i 
wi O 
¢ High Speed Data Acquisition S iT 
Ww Oo 
>” 
Ss = 
Pinout O82 
pe 
HI5662 (MQFP) S 
TOP VIEW 
5 5 9 6 
98+ 5 2 zz 2 
af 222925 55 2 
44 43 40 39 38 
Agno LWW l@ Lt AGnb 
AVcc2 CL_]} 2 tend AVec2 
iD7 CL_]j 3 | L_) QD7 
ins CI] 4 30|{—_1_) ape 
IDs LL 5 | ___t_.} QDS 
ina CI] 6 -—T) ap 
ins CO} 7 -—T-J ap3 
DVcc3 LL} 8 Leben’ DVEC3 
Denp CIO] 9 tJ) DGND 
ip2 CI—]}10 1) @p2 
11 23 
io . 93° |{-—L an1 
JUUUUUUUUUL 
Ooo agarsé NAO O 
2268385225 
a2 20a 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 4-253 


File Number 4317 


August 1997 


Hl-5701 


6-Bit, 30 MSPS, Flash A/D Converter 


Features 
¢ 30 MSPS with No Missing Codes 


Description 


The HI-5701 is a monolithic, 6-bit, CMOS flash Analog-to- 
Digital Converter. It is designed for high speed applications 


¢ Full Power Input Bandwidth ................ 20MHz where wide bandwidth and low power consumption are 
e No Missing Codes Over Temperature essential. Its 30 MSPS speed is made possible by a parallel 
; architecture which also eliminates the need for an external 
* Sample and Hold Not Required sample and hold circuit. The HI-5701 delivers +0.7 LSB 
¢ Single Supply Voltage............cccee eee eeee +5V differential nonlinearity while consuming only 250mW (Typ) 
; at 30 MSPS. Microprocessor compatible data output latches 
« Power Dissipation (Max) ............+..+.+- 300mW are provided which present valid data to the output bus 1.5 
¢ CMOS/TTL Compatible clock cycles after the convert command is received. An 
overflow bit is provided to allow the series connection of two 
¢ Overflow Bit converters to achieve 7-bit resolution. 
¢ /883 Version Available The HI-5701 is available in Commercial and Industrial tem- 
perature ranges and is supplied in 18 lead Plastic DIP and 
, ‘ SOIC packages. 
Applications — 
* Video Digitizing Ordering Information 
e¢ Radar Systems TEMP. 
i — PART NUMBER | RANGE (°C) 
e Communication Systems 
HI3-5701K-5 0 to 70 E18.3 
¢ High Speed Data Acquisition Systems Hiss701K-5 | 0t070 Ea 
pasrovey [a _‘[eeatntows 
Pinout 
HI-5701 
(PDIP, SOIC) 
TOP VIEW 
D5 (MSB) 18] D4 
OVF D3 
Vss aR 
NC 15 | p2 
CE2 14] D1 
CET 13 | DO (LSB) 
CLK 12 | Vpp 
PHASE 11] Vin 
VREF+ 10] Vrer- 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2937.6 


Copyright © Harris Corporation 1997 


4-254 


HI-5701 


Functional Block Diagram 


COMPARATOR 
LATCHES 


2 (SAMPLE) 


$1 (AUTO BALANCE) 
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A/D CONVERTERS 
HIGH SPEED 


HI-5701 


Absolute Maximum Ratings Thermal Information 
Supply Voltage, Vpp to Vsg..........-- (Vss - 0.5) <Vpp <+7V Thermal Resistance (Typical, Note 1) Ba (CCW) 
Analog and Reference Input Pins... . (Vss- 0.5)<Vina<(Vpp +0.5V) = PDIP Package... .... 2.00. - cece eee ee eee 75 
Digital VO Pins .............4. (Vss - 0.5) < Vio < (Vpp +0.5V) SOIC PAMAGE hc caccansdsnensvestanteerens 105 
: ta Maximum Power Dissipation at 70°C ................5. 635mW 
t 
open ing Conditens Maximum Junction Temperature. ...............0 0 eee 150°C 
Operating Temperature Range ‘ >. Maximum Storage Temperature Range ......... -65°C to 150°C 
POTTS < 6550.05 66ne case euadd soe Sanexnaes 0°C to 70°C Maximum Lead Temperature (Soldering 10s) Sg ie eects 300°C 
HP E7018, 5 civ a awchinnanewe eee neaw iawees -40°C to 85°C (SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 6ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications = Vpp = +5.0V; Vagr+ = +4.0V; Vrer. = Vsg = GND; fs = Specified Clock Frequency at 50% Duty Cycle; 
C. = 30pF; Unless Otherwise Specified 


(NOTE 2) 
0°C TO 70°C 
-40°C TO 85°C 


0.125 


PARAMETER TEST CONDITIONS 


UNITS 


SYSTEM PERFORMANCE 


Resolution 


Integral Linearity Error, INL 
(Best Fit Line) 


fs = 20MHz 


fs = 30MHz 


Differential Linearity Error, DNL 
(Guaranteed No Missing Codes) 


fs = 20MHz 
fs = 30MHz 


& ZA 
N uo 


Offset Error, Vos 
(Adjustable to Zero) 


fs = 20MHz (Note 2) 


0.125 MSPS 


fs = 30MHz 


Full Scale Error, FSE 
(Adjustable to Zero) 


fg = 20MHz (Note 2) 
fs = 30MHz 


DYNAMIC CHARACTERISTICS 


Maximum Conversion Rate No Missing Codes 


Minimum Conversion Rate No Missing Codes (Note 2) 


Full Power Input Bandwidth fs = 30MHz 


Signal to Noise Ratio, SNR 


_ RMS Signal 
~ RMS Noise 


fs = 1MHZ, fix, = 100KHz 


fg = 30MHz, fijy = 4MHz 


Signal to Noise Ratio, SINAD fs = 1MHZz, fin = 100kKHz 


RMS Signal ~ 
~ RMS Noise + Distortion fg = SOMHZ, fin = 4MHz 


Total Harmonic Distortion 
Differential Gain 
Differential Phase 


Degree 
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Electrical Specifications = Vpp = +5.0V; Vagr+ = +4.0V; Vaer. = Vsg = GND; fs = Specified Clock Frequency at 50% Duty Cycle; 
C, = 30pF; Unless Otherwise Specified (Continued) 


(NOTE 2) 
0°C TO 70°C 
-40°C TO 85°C 


PARAMETER TEST CONDITIONS | MIN | TYP | MAX | MIN: | MAX UNITS 


ANALOG INPUTS 


Analog Input Resistance, Rij Vin = 4V 


wo 
oO 


Analog Input Capacitance, Ci, Vin = OV 


Ee ]U 
ss 


Analog Input Bias Current, IB Vin = OV, 4V 0.01 +10 +1.0 


nN 


REFERENCE INPUTS 


Total Reference Resistance, Ry 250 370 235 


Reference Resistance Tempco, Tc +0.266 


A: 


DIGITAL INPUTS 


Input Logic High Voltage, Vj 
Input Logic Low Voltage, Vi, 
Input Logic High Current, I)4 


Vin = 5V 1.0 


Input Logic Low Current, lj Vin = OV 1.0 


Input Capacitance, Cijy 


DIGITAL OUTPUTS 


A/D CONVERTERS 


Output Logic Sink Current, lo. Vo = 0.4V 


Output Logic Source Current, loy Vo = 4.5V -3.2 “3,2 


Output Leakage, lorr CE2=0V 1 0 


I+ 
—+ 


Output Capacitance, Coyt CE2 = 0V 


oo 
ne) 
+ 
ro) 


TIMING CHARACTERISTICS 


Aperture Delay, tap 
Aperture Jitter, tay 
Data Output Enable Time, ten (Note 2) 


(Note 2) 


_* 
—_ 


Data Output Disable Time, tpis 


Data Output Delay, top (Note 2) 


=k 
> 


Data Output Hold, ty (Note 2) 


—_ 
oO 


_— 
ine) 


POWER SUPPLY REJECTION 


Offset Error PSRR, AVos Vpp = 5V 10% +0.1 +1.0 


Gain Error PSRR, AFSE Vpp = 5V 10% 


a 
— 
oO 


H+ 
—_ 
B 
- 
” 
Ei 


POWER SUPPLY CURRENT 


+0.1 £1; 
Supply Current, Ipp fs = 30MHz | 50 
NOTES: 


2. Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 


ce ce 


3. Parameter guaranteed by design or characterization and not production tested. 
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HIGH SPEED 


HI-5701 


Timing Waveforms 


COMPARATOR DATA ENCODED DATA IS 
IS LATCHED LATCHED INTO THE 
OUTPUT REGISTERS 
INPUT. o1 o1 o1 o1 
PHASE-HIGH 2 2 2 2 2 


1 
| 
I 
| 
cLocK SAMPLE SAMPLE SAMPLE SAMPLE SAMPLE 
INPUT _N-2_ f auto \N-1 [auto \_N j Auto \V_N+1_ J” auto \ N+2_/ 
PHASE - LOW BALANCE  t BALANCE | BALANCE BALANCE | 
taB | 
I 
! 
ANALOG 
INPUT ieee i ene , 
top — ben 
DATA 
OUTPUT DATA N - 4 DATAN-3 DATA N - 2 DATA N - 1 DATA N 


FIGURE 1. INPUT-TO-OUTPUT TIMING 


CET | 

CE2 
1 
, ‘pis , ‘EN . ‘pis . ‘EN 
|<——>| \——| |<—> 


. HIGH 
IMPEDANCE 


OVF DATA 4 DATA 
IMPEDANCE 


FIGURE 2. OUTPUT ENABLE TIMING 
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Typical Performance Curves 


wo 5 HO DR Ne tamer i Ws TTT a 
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a ae a e | ae 
Te 
ETL 
Ve Oo 
re Ww 
Li 4 me 
LL L 4 
Lu 
Vpp = 5V, Vrer+ = 4V Wd 
Ta = 25°C 
Vpp = 5V, Vrer+ = 4V 
: 3 
0 05 1°75 2 25 39 35 4 45 5 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 
INPUT FREQUENCY (fix) - MHz TEMPERATURE (°C) 
FIGURE 3. EFFECTIVE NUMBER OF BITS vs fiy FIGURE 4. ENOB vs TEMPERATURE 
i 
a ui a 
em WwW 
cw 
Ww OW 
> ” 
9G 
~ = 
= 
we eae ee ee -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 
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FIGURE 5. SNR vs TEMPERATURE FIGURE 6. TOTAL HARMONIC DISTORTION vs TEMPERATURE 
1 
fin = 100kHz fin = 100kHz 
Vpp = 5V, Vrert = 4V Vpp = 5V, Vrer+ = 4V 
0.75 
” 
a rf 
Y a 0.5 
© LETT teste | 
CCP rrr 
-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 
TEMPERATURE (°C) TEMPERATURE (°c) 
FIGURE 7. INL vs TEMPERATURE FIGURE 8. DNL vs TEMPERATURE 
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Typical Performance Curves (continued) 


Vpp = 5V +10%, Vrer+ = 4V 


LSBs 
Ipp (mA) 


-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 
TEMPERATURE (°C) TEMPERATURE (°C) 
FIGURE 9. POWER SUPPLY REJECTION vs TEMPERATURE FIGURE 10. SUPPLY CURRENT vs TEMPERATURE 


Vpp = 5V, Vrer+ = 4V ime 


Ta = 25°C YJ D = 50% 


Ipp (mA) 
w 
on 
EFFECTIVE BITS 


0.1 


— mee 

1 
1 10 100 

CLOCK FREQUENCY (MHz) CLOCK FREQUENCY (MHz) 


FIGURE 11. SUPPLY CURRENT vs CLOCK AND DUTY CYCLE FIGURE 12. EFFECTIVE NUMBER OF BITS vs CLOCK 
FREQUENCY 
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TABLE 1. PIN DESCRIPTIONS 


cee [wane [scneren 


CE2 Three-State Output Enable Input, Active 
High (See Table 2). 

CE1 Three-State Output Enable Input, Active 
Low (See Table 2). 
(61) Occurs When the Clock is Low and 
Auto Balance (02) Occurs When the 

Reference Voltage Negative Input. 
11 VIN Analog Signal Input. 


PHASE Sample Clock Phase Control Input. 
Clock is High (See Text). 


When Phase is Low, Sample Unknown 
| 9 | Vrcre | Reference Voltage Positive Input. 


2 Vpp Power Supply, +5V. 


3 Bit 1, Output (LSB). 


4 |D Bit 2, Output. 


5 Bit 3, Output. 


"fp R2 Reference Ladder Midpoint. 


TABLE 2. CHIP ENABLE TRUTH TABLE 


a St ee 
Cc 
ce 
[x [2 [tice site [Treo sie 


X = Don’t Care 


Theory of Operation 


The HI-5701 is a 6-bit analog-to-digital converter based on a 
parallel CMOS “flash” architecture. This flash technique is an 
extremely fast method of A/D conversion because all bit 
decisions are made simultaneously. In all, 64 comparators 
are used in the HI-5701; 63 comparators to encode the 
output word, plus an additional comparator to detect an 
overflow condition. 


The CMOS HI-5701 works by alternately switching between 
a “Sample” mode and an “Auto Balance” mode. Splitting up 
the comparison process in this CMOS technique offers a 
number of significant advantages. The offset voltage of each 
CMOS comparator is dynamically canceled with each 
conversion cycle such that offset voltage drift is virtually 
eliminated during operation. The block diagram and timing 
diagram illustrate how the HI-5701 CMOS flash converter 
operates. 


The input clock which controls the operation of the HI-5701 
is first split into a non-inverting 01 clock and an inverting o2 
clock. These two clocks, in turn, synchronize all internal 
timing of analog switches and control logic within the 
converter. 


In the “Auto Balance” mode (61), all 61 switches close and 
02 switches open. The output of each comparator is 
momentarily tied to its own input, self-biasing the comparator 
midway between Vss and Vpp and presenting a low 
impedance to a small input capacitor. Each capacitor, in 
turn, is connected to a reference voltage tap from the 
resistor ladder. The Auto Balance mode quickly precharges 
all 64 input capacitors between the self-bias voltage and 
each respective tap voltage. 


In the “Sample” mode (2), all 61 switches open and 62 
switches close. This places each comparator in a sensitive 
high gain amplifier configuration. In this open loop state, the 
input impedance is very high and any small voltage shift at 
the input will drive the output either high or low. The $2 state 
also switches each input capacitor from its reference tap to 
the input signal. This instantly transfers any voltage 
difference between the reference tap and input voltage to the 
comparator input. All 64 comparators are thus driven 
simultaneously to a defined logic state. For example, if the 
input voltage is at mid-scale, capacitors precharged near 
zero during $1 will push comparator inputs higher than the 
self bias voltage at 2; capacitors precharged near the 
reference voltage push the respective comparator inputs 
lower than the bias point. In general, all capacitors 
precharged by taps above the input voltage force a “low” 
voltage at comparator inputs; those precharged below the 
input voltage force “high” inputs at the comparators. 


During the next 1 state, comparator output data is 
latched into the encoder logic block and the first stage of 
encoding takes place. The following 62 state completes 
the encoding process. The 6 data bits (plus overflow bit) 
are latched into the output flip-flops at the next falling 
clock edge. The Overflow bit is set if the input voltage 
exceeds Vrerf+ - "Ip LSB. The output bus may be either 
enabled or disabled according to the state of CE1 and 
CE2 (See Table 2). When disabled, output bits assume a 
high impedance state. 


As shown in the timing diagram, the digital output word 
becomes valid after the second $1 state. There is thus a one 
and a half cycle pipeline delay between input sample and 
digital output. “Data Output Delay” time indicates the slight 
time delay for data to become valid at the end of the 1 state. 
Refer to the Glossary of Terms for other definitions. 
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HIGH SPEED 


HI-5701 


+5V 


CLOCK 
INPUT be 
502 
+4V 
10pF 


T 0.01yF T 


DATA 
OUPUT 
NC 
+5V 
0.01,F 7 10uF T 
+9V to +12V 
0.01pF 10uF 
Ty J ANALOG 
|_| SIGNAL 
4000  Ha-5033 50Q «= INPUT 
10uF 


0.01pF 
-9V to -12V i 


FIGURE 13. TEST CIRCUIT 


Application Information 
Voltage Reference 


The reference voltage is applied across the resistor ladder at 
the input of the converter, between Vagr+ and Vp_r-. In 
most applications, Vraer- is simply tied to analog ground 
such that the reference source drives Varr+. The reference 
must be capable of supplying enough current to drive the 
minimum ladder resistance of 235Q over temperature. 


The HI-5701 is specified for a reference voltage of 4.0V, but will 
operate with voltages as high as the Vpp supply. In the case of 
4.0V reference operation, the converter encodes the analog 
input into a _ binary output in LSB_ increments of 
(VreFt+ -VReF)/64, or 62.5mV. Reducing the reference voltage 
reduces the LSB size proportionately and thus increases linearity 
errors. The minimum practical reference voltage is about 2V. 
Because the reference voltage terminals are subjected to inter- 
nal transient currents during conversion, it is important to drive 
the reference pins from a low impedance source and to decouple 
thoroughly. Again, ceramic and tantalum (0.01unF and 10uF) 
capacitors near the package pin are recommended. It is not nec- 
essary to decouple the oR tap point pin for most applications. 

It is possible to elevate Vper- from ground if necessary. In 
this case, the Vper- pin must be driven from a low impedance 
reference capable of sinking the current through the resistor 
ladder. Careful decoupling is again recommended. 


Digital Control and Interface 


The HI-5701 provides a standard high speed interface to 
external CMOS and TTL logic families. Four digital inputs 
are provided to control the function of the converter. The 
clock and phase inputs control the sample and auto balance 
modes. The digital outputs change state on the clock phase 
which begins the sample mode. Two chip enable inputs 
control the three-state outputs of output bits DO through D5 
and the Overflow OVF bit. As indicated in Table 2, all output 
bits are high impedance when CE2 is low, and output bits DO 
through D5 are independently controlled by CE1. 


Although the Digital Outputs are capable of handling typical 
data bus loading, the bus capacitance charge/discharge 
currents will produce supply and local ground disturbances. 
Therefore, an external bus driver is recommended. 


Clock 


The clock should be properly terminated to digital ground 
near the clock input pin. Clock frequency defines the 
conversion frequency and controls the converter as 
described in the “Theory of Operation” section. The Auto 
Balance 01 half cycle of the clock may be reduced to 16ns; 
the Sample 92 half cycle may be varied from a minimum of 
16ns to a maximum of 8s. 


TABLE 3. PHASE CONTROL 


eo 
a 
a 
es 
a 


Gain and Offset Adjustment 


In applications where accuracy is of utmost importance, 
three adjustments can be made; i.e., offset, gain, and 
midpoint trim. In general, offset and gain correction can be 
done in the preamp circuitry. 


Offset Adjustment 

The preferred offset correction method is to introduce a DC 
component to Vij of the converter. An alternate method is to 
adjust the Vprer- input to produce the desired offset 


adjustment. The theoretical input voltage to produce the first 
transition is “ip LSB. 


Vin (0 to 1 transition) = 1/5 LSB = '/o(VpeF/64) = Vacr/128. 
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Gain Adjustment 


In general, full scale error correction can be done in the preamp 
circuitry by adjusting the gain of the op amp. An alternate 
method is to adjust the Vaer+ input voltage. This adjustment is 
performed by setting Vix, to the 63 to overflow transition. The 
theoretical input voltage to produce the transition is "fp LSB 
less than Vper+ and is calculated as follows: 


Vin (63 to 64 transition) = Vper - (VRer/128) = Vaer (127/128). 


To perform the gain trim, first do the offset trim and then 
apply the required Vix for the 63 to overflow transition. Now 
adjust Vaer+ until that transition occurs on the outputs. 


Midpoint Trim 


The reference center ("/oR) is available to the user as the 
midpoint of the resistor ladder. The TfoR point can be used 
to improve linearity or create unique transfer functions. The 
offset and gain trims should be done prior to adjusting the 
midpoint. The theoretical transition from count 31 to 32 
occurs at 31.5 LSBs. That voltage is calculated as follows: 


Vin (31 to 32 transition) = 31.5(VpeF/64) = Vraer(63/128). 


An adjustable voltage follower can be used to drive the TR 
pin. Set Vinx to the 31 to 32 transition voltage, then adjust the 
voltage follower until the transition occurs on the output bits. 


Signal Source 


A current pulse is present at the analog input (Vij) at the 
beginning of every sample and auto balance period. The 
transient current is due to comparator charging and switch 
feed through in the capacitor array. It varies with the 
amplitude of the analog input and the sampling rate. 


The signal source must be capable of recovering from the 
transient prior to the end of the sample period to ensure a valid 
signal for conversion. Suitable broad band amplifiers or buffers 
which exhibit low output impedance and high output drive 
include the HFA-0005, HA-5004, HA-5002, and HA-5033. 


The signal source may drive above or below the power 
supply rails, but should not exceed 0.5V beyond the rails or 
damage may occur. Input voltages of -0.5V to +"p LSB are 
converted to all zeros; input voltages of Varr+ - ‘/> LSB to 
Vpp + 0.5 are converted to all ones with the Overflow bit set. 


Power Supply 


The HI-5701 operates nominally from a 5V supply, but will 
function from 3V to 6V. The supply should be well regulated 
and “clean” of significant noise, especially high frequency 
noise. It is recommended that power supply decoupling 
Capacitors be placed as close to the supply pin as possible. 
A combination of 0.01nF ceramic and 10uF tantalum 
capacitors is recommended for this purpose as shown in the 
test circuit Figure 13. 


Reducing Power Consumption 


Power dissipation in the HI-5701 is related to clock frequency 
and clock duty cycle. For a fixed 50% clock duty cycle, power 
may be reduced by lowering the clock frequency. For a given 
conversion frequency, power may be reduced by shortening 
the Auto Balance 91 portion of the clock duty cycle. 


TABLE 3. OUTPUT CODE TABLE 


INPUT VOLTAGE 
Vrert = 4V 
CODE Vrer- = OV 
DESCRIPTION (V) 


DECIMAL 
COUNT 


Overflow (OVF) 
Full Scale (FS) 
FS-1LSB 


3/4 FS 


"/p FS 


11, FS 


BINARY OUTPUT CODE 
MSB LSB 


eee |) Se 
1 1 1 1 1 1 1 


+ The voltages listed above represent the ideal transition of each output code shown as a function of the reference voltage. 
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Glossary of Terms 


Aperture Delay, is the time delay between the external 
sample command (the rising edge of the clock) and the time 
at which the signal is actually sampled. This delay is due to 
internal clock path propagation delays. 


Aperture Jitter, tay, This is the RMS variation in the 
aperture delay due to variation of internal 01 and 2 clock 
path delays and variation between the individual comparator 
switching times. 


Differential Linearity Error, DNL, The differential linearity 
error is the difference in LSBs between the spacing of the 
measured midpoint of adjacent codes and the spacing of 
ideal midpoints of adjacent codes. The ideal spacing of each 
midpoint is 1 LSB. The range of values possible is from 
-1 LSB (which implies a missing code) to greater than 
+1 LSB. 


Full Power Input Bandwidth, Full power bandwidth is the 
frequency at which the amplitude of the fundamental of the 
digital output word has decreased 3dB below the amplitude of 
an input sine wave. The input sine wave has a peak-to-peak 
amplitude equal to the reference voltage. The bandwidth 
given is measured at the specified sampling frequency. 


Full Scale Error, FSE, is the difference between the actual 
input voltage of the 63 to 64 code transition and the ideal 
value of Vaer+ - 1.5 LSB. This error is expressed in LSBs. 


Integral Linearity Error, INL, The integral linearity error is 
the difference in LSBs between the measured code centers 
and the ideal code centers. The ideal code centers are 
calculated using a best fit line through the converter’s 
transfer function. 


LSB, Least Significant Bit = (VReF+ - VRer-)/64. All 
HI-5701 specifications are given for a 62.5mV LSB size 
Vrert = 4V, Vrer- = OV. 


Offset Error, Vos, Offset error is the difference between 
the actual input voltage of the 0 to 1 code transition and 
the ideal value of Vrer- + 0.5 LSB. Vos error is 
expressed in LSBs. 


Power Supply Rejection Ratio, PSRR, is expressed in 
LSBs and is the maximum shift in code transition points 
due to a power supply voltage shift. This is measured at 
the 0 to 1 code transition point and the 62 to 63 code 
transition point with a power supply voltage shift from the 
nominal value of 5.0V. 


Signal to Noise Ratio, SNR, SNR is the ratio in dB of the 
RMS signal to RMS noise at specified input and sampling 
frequencies. 


Signal to Noise and Distortion Ratio, SINAD, is the ratio 
in dB of the RMS signal to the RMS sum of the noise and 
harmonic distortion at specified input and sampling 
frequencies. 


Total Harmonic Distortion, THD, is the ratio in dBc of the 
RMS sum of the first five harmonic components to the RMS 
signal for a specified input and sampling frequency. 
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Die Characteristics 


WORST CASE CURRENT DENSITY: 


DIE DIMENSIONS: 


<2.0 x 10° A/cm? 


86.6 mils x 130.7 mils x 19 mils +1 mil 


TRANSISTOR COUNT: 


METALLIZATION: 


4000 
SUBSTRATE POTENTIAL (Powered Up): 


kA +1kA 


Type: SIAl 


Thickness: 11 


V+ 


PASSIVATION: 


Type: SiOo 


kA +1kA 


Metallization Mask Layout 


Thickness: 8 


HI-5701 


£0 (24) 


va (81) 


sa (1) 


AAO (2) 


SSA (€) 


-~ 
oO 
— 
” 
W” 
> 


dsasdS HDSIH 


SHALYSANOD C/V 


(12) Vpp 


CE1 (6) 


(z1) GG, 


(LE) NIA 


(01) 434, 


(6) *334,Q 


(8) 3SWHd 


(2) W919 
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SEMICONDUCTOR 


GD HI3702 


August 1997 10-Bit, 40 MSPS A/D Converter 


Features Description 


Sampling Rate 40MSPS_ The HI5702 is a monolithic, 10-bit, analog-to-digital 
; converter fabricated in a BICMOS process. It is designed for 
6.3 Bits Guaranteed at fy = T0MHz high speed applications where wide bandwidth and low 
Low Power power consumption are essential. Its 40 MSPS speed is 
. made possible by a fully differential pipeline architecture 
Wide Full Power Input Bandwidth 250MHZ which also eliminates the need for an external sample and 
Sample and Hold Not Required hold circuit. The HI5702 has excellent dynamic performance 
while consuming <650mW power at 40 MSPS. Data output 
latches are provided which present valid data to the output 
Input Signal Range ‘ bus with a latency of 7 clock cycles. 


Single-Ended or Differential Input 


Single Supply Voltage Refer to the HI5703, HI5746, or HI5767 data sheets for lower 


power consumption. 
TTL Compatible Interface 


Applications Ordering Information 


e Professional Video Digitizing PART SAMPLE TEMP. 
NUMBER RATE RANGE (°C) 
¢ Medical Imaging 
¢ Digital Communication Systems dhiiiaeiians }40MSPS | 01070 seilaniaaaadidal 
e High Speed Data Acquisition HI5702JCB }semsPs | 01070 | 28 Ld SOIC ( (W) M28.3 


HI5702-EV2 ea Evaluation Board 


Typical Application Schematic 


HI5702 
(SOIC) 
TOP VIEW 


HI5702 


Vv © 


10u.F AND 0.1,F CAPS 
ARE PLACED AS CLOSE 
TO PART AS POSSIBLE 


CLK (22) (13) AVcc 
DFS (15) (5) AVoc 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3745 4 
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Functional Block Diagram 


Vom [Tus] Blas | CLOCK > CLK 


STAGE 1 
= SEB eS ee eeseeeeesee see eee g 
a 
» DFS 


© 


> D9 (MSB) 
= EBSeueaeeweeeeeeeeeeeeeees ws @ 
p DS 
. > D7 o 
Eg 
° — cw 
uu Oo. 
STAGE 9 DIGITAL DELAY >» D5 > wo 
ame ee ee ee ee ee eee ee ee ee | AND =r 
DIGITAL ERROR > D4 5 O 
CORRECTION jal 
» os 2 
> D2 
oD Di 
> DO (LSB) 


STAGE 10 


AVcc AGND DVcc DGND VrReF+ VREF- 
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Absolute Maximum Ratings Thermal Information 

Supply Voltage, AVcc or DVcc to AGND or DGND.......... +6V Thermal Resistance (Typical, Note 1) Oya (CCW) 

CN US PU a 5s bo ewdwa an tas done ose ne da Ge be $aee Sus & 0.3V SOIC Package oe vidas @ Qe ee a ha a eo OA ee 70 

Digital /O Pins ......... cece eee eee eee eee DGND toDVcc¢ Maximum Junction Temperature...........0...000. 000. 150°C 

Analog We) PING 400 sinew es Fine eian dnd oseees AGND to AVcc Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering, 10s) ............ 300°C 


Operating Conditions 


Temperature Range 
PISTOCKG OCG sc xcki ean onteews anes aw «es ee 0°C to 70°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. Oya is measured with the component mounted on an evaluation PC board in free air. 


(SOIC - Lead Tips Only) 


Electrical Specifications AVcoc = DVcc = +5V; Vrert = 3.25V; Vrer- = 2V; fs = Specified Clock Frequency at 50% Duty Cycle; 
C. = 20pF; Ta = 25°C; Unless Otherwise Specified 


PARAMETER TEST CONDITIONS MIN, | TYP | MAX — UNITS 


ACCURACY 


ACCURACY 

a a Ee ee a 

[integralLinearityEronINC sd fin=DCSSSSCSC~dSSC‘ SSCS St | S220‘ 

es 
(Guaranteed No Missing Codes) 

fofisetErorVos SS Cd=OOSSC*~“*‘*S*~é*sSC“‘“(SLSCOSS};”~=C*dSSC SCLC CS 

[FulScaleenon PSE stin=CSS~*~—~—“C—*~é~iECSCSSCdT Sa? | SCY «CS CY 


DYNAMIC CHARACTERISTICS 


Minimum Conversion Rate No Missing Codes a a ee 


Maximum Conversion Rate No Missing Codes 
HI5702KCB 


fisroaoan————SS~—~S CdS 
iw=tre —SSC~sCSC‘ SSC‘ dCi 
Tiw=sre————SC~d SCT 8 Cds 
Tiw=t0MHz———SCS~sCi TCC 
liw=te —S—~dCSC Cid CCC 
FEE 
a A CR 
a aC a 
liw=10MHz———SSCS—~s 
liv=te ——SSC~rS 


fin = 5MHz 
fin = 10MHz 


Effective Number of Bits, ENOB 


Signal to Noise and Distribution Ratio, 
SINAD 

_ RMS Signal 
~_RMS Noise + Distortion 
Signal to Noise Ratio, SNR 
_ RMS Signal 

~ RMS Noise 


Total Harmonic Distortion, THD 


2nd Harmonic Distortion 
fin = 5MHz 
fin = 10MHz 
fin = 1MHz 
fin = 5MHz 
fin = = 10MHz 
fin = 1MHz 
fin = 5MHz 
fin = 10MHz 


Intermodulation Distortion, IMD fy = 1MHz, fo = 1.02MHz 


3rd Harmonic Distortion 


Spurious Free Dynamic Range, SFDR 
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Electrical Specifications AVoc = DVcc = +5V; Vrert = 3.25V; Vaer- = 2V; fg = Specified Clock Frequency at 50% Duty Cycle; 
Ci = 20pF; Ta = 25°C; Unless Otherwise Specified (Continued) 


PARAMETER TEST CONDITIONS | MIN | TYP | MAX — UNITS 


[analog input Capasiance, ON | 
[FulPowerinputBandwah | 


Analog Input Common Mode Range Differential Mode (Note 2) 
(Vint + Vin-) /2 


REFERENCE INPUT 


on 
ro) 
= 


=| 


2.675 


vu 
oe) 
2. 
f= 
< 
oO 
D 
fa) 
=> 
© 
= 
5) 
=) 
(?) 
© 
=) 
To 
Cc 
“ 
< 
50] 
m 
mn 
co 
Pg 
° 
- 
oO 


Reference Common Mode Voltage 2.575 
(VReF+ + VREF-)/2 

COMMOM MODE VOLTAGE 

Common Mode Voltage Output, Von 


4 
| 


Max Output Current 
DIGITAL INPUTS 
Input Logic High Voltage, Vjy 


Input Logic Low Voltage, Vj,_ 
Input Logic High Current, I)}4 VIN = 5V 


Input Logic Low Current, Ij Vin = OV 


Input Capacitance, Ciy 
DIGITAL OUTPUTS 
Output Logic Sink Current, lo. 


Nod 
I) 


Vo = 0.4V 


Output Logic Source Current, low Vo = 2.4V 


Output Capacitance, Court 
TIMING CHARACTERISTICS 
Aperture Delay, tap 


Aperture Jitter, tay 
Data Output Delay, top 
Data Output Hold, ty 
Data Latency, tLat For a Valid Sample (Note 2) 


Data Invalid Time (Note 2) 


Cycles 


nN 
oO 


Power-Up Initialization 
POWER SUPPLY CHARACTERISTICS 


ycles 


—_ 


fe 
> 


Supply Current, loc Vin = OV 30 


[supply Curentiicg ———SSSC~dSSCSC~C~—C—tSCSCdSC CO 

[Power Dissipation —_———‘(vweov SCS *dSC00 Ys 
[ose Evor PSAR,AVos______[AVogerDVog=aves%e | | 02 | - | 188 
[Gain EworPSAR, ASE [ AVgcorDVoo=avas% | | 1 | - | 188 


NOTES: 
2. Parameter guaranteed by design or characterization and not production tested. 
3. With the clock off. 
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Timing Waveforms 


ANALOG 
INPUT 


CLOCK 
INPUT SN Hy-17 Sn Sn+1VHNs 1 Suet \Hnrf Su Hw fone s\Hnesfouee\_ _[e0+s\tnes fous e\ Hn ofsus7\Hn+7/Su+8\ n+ 0f Hy +59SnN+6\HN+67SN+7\4N+ 77 SN+8¥ HN 8 


S/H ae 
1ST ‘ 
2ND 


@ 
e 
@ 
10TH : B =" 
DATA , 
mt our Ks) Ke KX) 


ee————_——_— tLaT Se et 


NOTES: 
1. Sy: N-th sampling period. 
2. Hn: N-th holding period. 
3. By, nN: M-th stage digital output corresponding to N-th sampled input. 
4. Dy: Final data output corresponding to N-th sampled input. 


FIGURE 1. HI5702 INTERNAL CIRCUIT TIMING 


ANALOG 
INPUT 
— 2| tap we 
| tay|—<— 
CLOCK . 
sacle 1.5V 1.5V 
| 
| 
1 > tod < 
—e| th —<— 
DATA DATAN-1 
OUTPUT 


FIGURE 2. INPUT-TO-OUTPUT TIMING 
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Typical Performance Curves 


Y) 
a 
6 
: CENT 
& 
i rr 
a el 
ir. 
ti 
INPUT FREQUENCY (MHz) INPUT FREQUENCY (MHz) 
FIGURE 3. ENOB vs INPUT FREQUENCY FIGURE 4. SFDR vs INPUT FREQUENCY 
60 60 
et + | tT TET 7 
oe SE) | - 
a 
- oe Soo. Ail - 
roe a i SSS ns 
oe i Olle 2 
ose Sg § Mt |i 
46 N 46 uj Oo. 
at—_| Tt tt ee ee 2 5 
et _| ttt fT ef -  -E TT Tt TTT og 
as a ‘ a = 
100 
Ur EERIE (MHz) . INPUT ee (MHz) 
FIGURE 5. SINAD vs INPUT FREQUENCY FIGURE 6. SNR vs INPUT FREQUENCY 


POWER (mW) 


THD (dBc) 


INPUT —_ (MHz) SAMPLE RATE (MSPS) 
FIGURE 7. THD vs INPUT FREQUENCY FIGURE 8. POWER DISSIPATION vs SAMPLE RATE 
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Typical Performance Curves (continued) 


” 
E 
a 
Li 
re) 
a ~ 
Ww a 
ree) E 
s = 
z a 
y Ao) 
- 
Oo 
Ww 
Lie 
ire 
WwW 
-40 -20 0 20 40 60 80 100 
TEMPERATURE (°C) TEMPERATURE (°C) 
FIGURE 9. ENOB vs TEMPERATURE FIGURE 10. toy/tp vs TEMPERATURE 


Dicc/Alcc (mA) 
EFFECTIVE NUMBER OF BITS 


TEMPERATURE (°C) CLOCK FREQUENCY (MHz) 
FIGURE 11. SUPPLY CURRENT vs TEMPERATURE FIGURE 12. ENOB vs SAMPLE RATE WITH FIXED 12.5ns 
CLOCK PULSE WIDTH 


EFFECTIVE NUMBER OF BITS 


DUTY CYCLE (%) 


FIGURE 13. ENOB vs DUTY CYCLE 
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TABLE 1. PIN DESCRIPTIONS 


[4 [eno [igi Grouns 
a 


a Oe 
Tet — frp Gee 
[4 [atasits Oust 
0s [Data srs Output 

25 [ 02 [ata Bin? Oupt 
SS 
OE 


Detailed Description 
Theory of Operation 


The HI5702 is a 10-bit fully differential sampling pipeline A/D 
converter with digital error correction. Figure 13 depicts the 
circuit for the front end differential-in-differential!-out sample- 
and-hold (S/H). The switches are controlled by an internal 
clock which is a non-overlapping two phase signal, 9; and 
oo, derived from the master clock. During the sampling 
phase, 1, the input signal is applied to the sampling capaci- 
tors, Cs. At the same time the holding capacitors, Cy, are 
discharged to analog ground. At the falling edge of o; the 
input signal is sampled on the bottom plates of the sampling 
capacitors. In the next clock phase, oo, the two bottom 
plates of the sampling capacitors are connected together 
and the holding capacitors are switched to the op-amp out- 
put nodes. The charge then redistributes between Cs and 
Cy completing one sample-and-hold cycle. The output is a 
fully-differential, sampled-data representation of the analog 
input. The circuit not only performs the sample-and-hold 
function but will also convert a single-ended input to a fully- 
differential output for the converter core. During the sampling 


phase, the Vin pins see only the on-resistance of a switch 
and Cs. The small values of these components result in a 
typical full power bandwidth of 250MHz. 


FIGURE 14. ANALOG INPUT SAMPLE-AND-HOLD 


As illustrated in the Functional Block Diagram and the Tim- 
ing Diagram in Figure 1, nine identical pipeline subconverter 
stages, each containing a two-bit flash and a two-bit multiply- 
ing digital-to-analog converter, follow the S/H circuit with the 
tenth stage being a one bit flash converter. Each converter 
stage in the pipeline will be sampling in one phase and 
amplifying in the other clock phase. Each individual sub-con- 
verter clock signal is offset by 180 degrees from the previous 
stage clock signal with the result that alternate stages in the 
pipeline will perform the same operation. 


The two-bit digital output of each stage is fed to a digital delay 
line controlled by the internal clock. The purpose of the delay 
line is to align the digital output data to the corresponding 
sampled analog input signal. This delayed data is fed to the 
digital error correction circuit which corrects the error in the 
output data with the information contained in the redundant 
bits to form the final 10-bit output for the converter. 


Because of the pipeline nature of this converter, the data on 
the bus is output at the 7th cycle of the clock after the analog 
sample is taken. This delay is specified as the data latency. 
After the data latency time, the data representing each suc- 
ceeding sample is output at the following clock pulse. The 
output data is synchronized to the external clock by a double 
buffered latching technique. 


The output of the digital correction circuit is available in two’s 
complement or binary format depending on the condition of 
the Data Format Select (DFS) input. 


Analog Input, Differential Connection 


The analog input to the HI5702 is a differential input that can 
be configured in various ways depending on the signal 
source and the required level of performance. A fully differ- 
ential connection (Figure 15) will give the best performance 
for the converter. 


Vin+ fy —_ fmt Vint 


HI5702 


Vin Vf¥—4 | Vin- 


FIGURE 15. AC COUPLED DIFFERENTIAL INPUT 


dH 
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Since the HI5702 is powered by a single +5V analog supply, 
the analog input is limited to be between ground and +5V, 
which implies the common mode voltage can range of 0.625V 
to 4.375V. The performance of the ADC does not change sig- 
nificantly with the value of the common mode voltage. 


A DC voltage source, Voy, about half way between the top 
and bottom reference voltages, is made available to the user 
to help simplify circuit design when using a differential input. 
This low output impedance voltage source is not designed to 
be a reference but makes an excellent bias source and stays 
within the common mode range over temperature. It has a 
temperature coefficient of about 200ppm. 


Assume the difference between Vr_er+, typically 3.25V, and 
Vrer-, typically 2V, is 1.25V in Figure 15. Fullscale is 
achieved when Vjy+ and Vix- inputs are 1.25Vp_p, with Vin- 
being 180 degrees out of phase with Vij+. The converter will 
be at positive fullscale when the Vjj+ input is at Vow + 
0.625V and Vin- is at Voy - 0.625V (Vint - Vin- = 1.25V). 
Conversely, the ADC will be at negative fullscale when the 
Vint input is equal to Voy - 0.625V and Vjnx- is at Voy + 
0.625V (Vint - Vin- = -1.25V). 


The analog input can be DC coupled as long as the inputs 
are within the common mode range, Figure 16. 


Vin fy Vint 
HI5702 
Vom 
Vin- 
IN VV) es 


FIGURE 16. DC COUPLED DIFFERENTIAL INPUT 


The resistors, R, in Figure 16 are not absolutely necessary 
but will improve performance. Values of 100Q or less are 
typical. A capacitor, C, connected from Vijy+ to Vin- will help 
common mode any noise on the inputs, also improving per- 
formance. Values around 20pF are sufficient and can be 
used on AC coupled inputs as well. 


Analog Input, Single-Ended Connection 


The configuration shown in Figure 17 may be used with a 
single ended AC coupled input. 


HI5702 


FIGURE 17. AC COUPLED SINGLE ENDED INPUT 


Sufficient headroom must be provided such that the input 
voltage never goes above +5V or below AGND. 


Again, assume the difference between Vper+, typically 
3.25V, and Vr_er-, typically 2V, is 1.25V. If Vinx, is a 2.5Vp_p 


sinewave riding on a positive voltage equal to Vpc, the con- 
verter will be at positive fullscale when Viy+ is at Voc + 
1.25V and will be at negative fullscale when Vi, is equal to 
Voc - 1.25V. In this case, Vpc could range between 1.25V 
and 3.75V without a significant change in ADC performance. 
The simplest way to produce Vpc is to use the Vcyy output 
of the HI5702. 


The analog input can be DC coupled as long as the input is 
within the common mode range, Figure 18. 


Vinf\Yy |__|} Vint 


Voc HI5702 


<Hi 


FIGURE 18. DC COUPLED SINGLE ENDED INPUT 


- VIN" 


The resistor, R, in Figure 18 is not absolutely necessary but 
will improve performance. Values of 100Q or less are typical. 
A capacitor, C, connected from Vijy+ to Vix- will help com- 
mon mode any noise on the inputs, also improving perfor- 
mance. Values around 20pF are sufficient and can be used 
on AC coupled inputs as well. 


A single ended source may give better overall system perfor- 
mance if it is first converted to differential before driving the 
HI5702. Also refer to the application note AN9413, “Driving 
the Analog Input of the HI5702”. This application note 
describes several different ways of driving the analog differ- 
ential inputs. 


Reference Input, Vaer- Vrert 


The converter requires two reference voltages connected to 
the Vr_er pins. The voltage range of the part with a differential 
input will be Vaert+ - VReF-. The HI5702 is tested with Vaer- 
equal to 2V and Vrrr+ equal to 3.25V for an input range of 
1.25V. Vraef+ and Vr_er- can differ from the above voltages 
as long as the common mode voltage between the reference 
pins ((VpeFt+ + VrRer-) / 2) does not exceed 2.65V +50mV 
and the limits on Vaer+ and Vr_er- are not exceeded. 


In order to minimize overall converter noise it is recommended 
that adequate high frequency decoupling be provided at the 
reference input pin. 


Digital Control and Clock Requirements 


The HI5702 provides a standard high-speed interface to 
external TTL logic families. 


In order to ensure rated performance of the HI5702, the duty 
cycle of the clock should be held at 50%. It must also have 
low jitter and operate at standard TTL levels. 


A Data Format Select (DFS) pin is provided which will deter- 
mine the format of the digital data. When at logic low the 
data will be output in offset binary format. When at a logic 
high the data will be output in a two’s complement format. 
Refer to Table 2 for further information. 
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Performance of the HI5702 will only be guaranteed at 
conversion rates above 1 MSPS. This ensures proper perfor- 
mance of the internal dynamic circuits. Similarly, when 
power is first applied to the converter, a maximum of 20 
cycles at a sample rate above 1 MSPS will have to be 
performed before valid data is available. 


Supply and Ground Considerations 


The HI5702 has separate analog and digital supply and 
ground pins to keep digital noise out of the analog signal 
path. The part should be mounted on a board that provides 
separate low impedance connections for the analog and 
digital supplies and grounds. For best performance, the sup- 
plies to the HI5702 should be driven by clean, linear regu- 
lated supplies. The board should also have good high 
frequency decoupling capacitors mounted as close as possi- 
ble to the converter. If the part is powered off a single supply 
then the analog supply and ground pins should be isolated 
by ferrite beads from the digital supply and ground pins. 


Refer to the Application Note “Using Harris High Speed A/D 
Converters” (AN9214) for additional considerations when 
using high speed converters. 


Increased Accuracy 


The Vos and FSE errors as reported on the data sheet can 
be decreased by further calibration of the ADC. It will be 
assumed that the converter has offset binary coding. See 
the A/D code table (Table 2) for the ideal code transitions. 


The first step would be to center the analog input to the 
desired midscale voltage. This voltage would then be 
adjusted up or down in the circuitry driving one side of the 
input to the HI5702 until the 511 to 512 transition occurs on 
the digital output. 


Next, set the analog input to the HI5702 to the desired posi- 
tive fullscale voltage. Adjust one side of the reference circuit 
up or down until the 1022 to 1023 transition occurs on the 
digital output of the converter. 


Static Performance Definitions 
Offset Error (Vos) 


The midscale code transition should occur at a level a LSB 
above half-scale. Offset is defined as the deviation of the 
actual code transition from this point. 


Full-Scale Error (FSE) 


The last code transition should occur for a analog input that 
is 19/4 LSBs below positive full-scale with the offset error 
removed. Full-scale error is defined as the deviation of the 
actual code transition from this point. 


Differential Linearity Error (DNL) 


DNL is the worst case deviation of a code width from the 
ideal value of 1 LSB. 


Integral Linearity Error (INL) 


INL is the worst case deviation of a code center from a best 
fit straight line calculated from the measured data. 


Power Supply Rejection Ratio (PSRR) 


Each of the power supplies are moved plus and minus 5% 
and the shift in the offset and gain error (in LSBs) is noted. 


Dynamic Performance Definitions 


Fast Fourier Transform (FFT) techniques are used to evalu- 
ate the dynamic performance of the HI5702. A low distortion 
sine wave is applied to the input, it is coherently sampled, 
and the output is stored in RAM. The data is then trans- 
formed into the frequency domain with an FFT and analyzed 
to evaluate the dynamic performance of the A/D. The sine 
wave input to the part is -0.5dB down from full-scale for all 
these tests. 


SNR and SINAD are quoted in dB. The distortion numbers are 
quoted in dBc (decibels with respect to carrier) and DO NOT 
include any correction factors for normalizing to full scale. 


TABLE 2. A/D CODE TABLE 


(NOTE 1) 
DIFFERENTIAL 
INPUT VOLTAGE 
VreFt = 3.25V 
ai = 2.0V 


CODE 
DESCRIPTION 


NOTE: 


OFFSET BINARY OUTPUT CODE TWO’S COMPLEMENT OUTPUT CODE 
(DFS LOW) (DFS HIGH) 


Ce a Dene ee oes 
ee 4 ee ES a ee 
ee ee eee eee ee eee 
ee | ee eae ee ee 
Cie ea one oe eee eee 
Cn a ae One nCenUne ooo 


1. The voltages listed above represent the ideal transition of each output code shown as a function of the reference voltage. 


4-275 


A/D CONVERTERS 


QO 
Wu 
Wu 
oO. 
7) 
= 
So 
ne 


HI5702 


Signal-to-Noise Ratio (SNR) 


SNR is the measured RMS signal to RMS noise at a speci- 
fied input and sampling frequency. The noise is the RMS 
sum of all of the spectral components except the fundamen- 
tal and the first five harmonics. 


Signal-to-Noise + Distortion Ratio (SINAD) 


SINAD is the measured RMS signal to RMS sum of all 
other spectral components below the Nyquist frequency 
excluding DC. 


Effective Number of Bits (ENOB) 


The effective number of bits (ENOB) is calculated from the 
SINAD data by 


ENOB = (SINAD - 1.76 + Vcorp) / 6.02 
Voorr = 0.5dB 


Vcoorr adjusts the ENOB for the amount the input is below 
fullscale. 


Total Harmonic Distortion (THD) 


THD is the ratio of the RMS sum of the first 5 harmonic 
components to the RMS value of the fundamental input signal. 


2nd and 3rd Harmonic Distortion 


where: 


This is the ratio of the RMS value of the applicable harmonic 
component to the RMS value of the fundamental input signal. 


intermodulation Distortion (IMD) 


Nonlinearities in the signal path will tend to generate 
intermodulation products when two tones, f; and fo, are 
present on the inputs. The ratio of the measured signal to 
the distortion terms is calculated. The terms included in the 
calculation are (f; + fo), (fy - fo), (2f1), (2fo), (2f + fo), 
(2f; - fo), (fy + 2fo), (fy - 2fo). The ADC is tested with each 
tone 6dB below full scale. 


Spurious Free Dynamic Range (SFDR) 


SFDR is the ratio of the fundamental RMS amplitude to the 
RMS amplitude of the next largest spur or spectral compo- 
nent in the spectrum below fs/2. 


Transient Response 


Transient response is measured by providing a full scale 
transition to the analog input of the ADC and measuring the 
number of cycles it takes for the output code to settle within 
10-bit accuracy. 


Overvoltage Recovery 


Overvoltage Recovery is measured by providing a full scale 
transition to the analog input of the ADC which overdrives 
the input by 200mV, and measuring the number of cycles it 
takes for the output code to settle within 10-bit accuracy. 


Full Power Input Bandwidth (FPBW) 


Full power bandwidth is the frequency at which the ampli- 
tude of the digitally reconstructed output has decreased 3dB 
below the amplitude of the input sine wave. The input sine 
wave has a peak-to-peak amplitude equal to the reference 
voltage. The bandwidth given is measured at the specified 
sampling frequency. 


Video Definitions 


Differential gain and Differential Phase are two commonly 
found video specifications for characterizing the distortion of 
a chrominance (3.58MHz) signal as it is offset through the 
input voltage range of an ADC. 


Differential Gain (DG) 


Differential Gain is the peak difference in chrominance 
amplitude (in percent) at two different DC levels. 


Differential Phase (DP) 


Differential Phase is the peak difference in chrominance 
phase (in degrees) at two different DC levels. 


Timing Definitions 
Refer to Figure 1 and Figure 2 for these definitions. 
Aperture Delay (tap) 


Aperture delay is the time delay between the external sam- 
ple command (the falling edge of the clock) and the time at 
which the signal is actually sampled. This delay is due to 
internal clock path propagation delays. 


Aperture Jitter (taj) 


This is the RMS variation in the aperture delay due to varia- 
tion of internal clock path delays. 


Data Hold Time (ty) 


Data hold time is the time to where the previous data (N - 1) 
is no longer valid. 


Data Output Delay Time (top) 


Data output delay time is the time to where the new data (N) 
is valid. 


Data Latency (t_at) 


After the analog sample is taken, the data on the bus is out- 
put at 7th cycle of the clock. This is due to the pipeline 
nature of the converter where the data has to ripple through 
the stages. This delay is specified as the data latency. After 
the data latency time, the data representing each succeed- 
ing sample is output at the following clock pulse. The digital 
data lags the analog input by 7 cycles. 


Power-Up Initialization 


This time is defined as the maximum number of clock cycles 
that are required to initialize the converter at power-up. The 
requirement arises from the need to initialize the dynamic 
circuits within the converter. 
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DSP/iP 


HFA1135 HI5702 HSP9501 HI5780 HA5020 
HFA1245 HI5703 HSP48410 HI1171 HA2842 
HI5746 HSP48908 HFA1115 
HI5767 HSP48212 
HSP43891 
HSP43168 
HSP43216 


HFA1135: 350MHz Op Amp with Output Limiting 

HFA1245: Dual 350MHz Op Amp with Disable/Enable 

HI5702: 10-Bit, 40 MSPS, A/D Converter 

HI5703: Low Power, 10-Bit, 40 MSPS, A/D Converter 

HI5746: Low Power, CMOS, 10-Bit, 40 MSPS A/D Converter 

HI5767: Low Power, CMOS, 10-Bit, 40 MSPS A/D Converter, with Voltage Reference 
HSP9501: Programmable Data Buffer 

HSP48410: Histogrammer/Accumulating Buffer, 10-Bit Pixel Resolution 
HSP48908: 2-D Convolver, 3 x 3 Kernal Convolution, 8-Bit 

HSP48212: Digital Video Mixer 

HSP43891: Digital Filter, 30MHz, 9-Bit 

HSP43168: Dual FIR Filter, 10-Bit, 33MHz/45MHz 

HSP43216: Digital Half Band Filter 

HI5780: 10-Bit, 80MHz, Video D/A Converter 

HI1171: 8-Bit, 40MHz, Video D/A Converter 

HFA5020: 100MHz Video Op Amp 

HA2842: High Output Current, Video Op Amp 

HFA1115: 350MHz Programmable Gain Buffer with Output Limiting 


CMOS Logic Available in HC, HCT, AC, ACT, and FCT. 


79) 
FIGURE 19. 10-BIT VIDEO IMAGING COMPONENTS ui 7 
cw 
Ww a 
> 7) 
eke 
== 
HFA3600 HI5702 HSP43168 HI5721 HFA1115 = 
HFA3102 HI5703 HSP43216 HI5780 
HFA3101 HI5746 HSP43891 H120201 
HFA1100 HI5767 HSP50016 HI20203 
HSP50110 
HSP50210 


HFA3600: Low Noise Amplifier/Mixer 

HFA3102: Dual Long-Tailed Pair Transistor Array 

HFA3101: Gilbert Cell Transistor Array 

HFA1100: 850MHz Op Amp 

HI5702: 10-Bit, 40 MSPS, A/D Converter 

HI5703: Low Power, 10-Bit, 40 MSPS, A/D Converter 

HI5746: Low Power, CMOS, 10-Bit, 40 MSPS A/D Converter 
HI5767: Low Power, CMOS, 10-Bit, 40 MSPS A/D Converter, with Voltage Reference 
HSP43168: Dual FIR Filter, 10-Bit, 33MHz/45MHz 

HSP43216: Digital Half Band Filter 

HSP43891: Digital Filter, 30MHz, 9-Bit 

HSP50016: Digital Down Converter 

HSP50110: Digital Quadrature Tuner 

HSP50210: Digital Costas Loop 

HI5721: 10-Bit, 125MHz, Communications D/A Converter 

HI5780: 10-Bit, 80MHz, D/A Converter 

HI20201: 10-Bit, 160MHz, High Speed D/A Converter 

HFA1115: 350MHz Programmable Gain Buffer with Output Limiting 


CMOS Logic Available in HC, HCT, AC, ACT, and FCT. 
FIGURE 20. 10-BIT COMMUNICATIONS COMPONENTS 
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Die Characteristics 


DIE DIMENSIONS: 
159.4 mils x 175.2 mils x 19 mils +1 mil 


METALLIZATION: 


Type: AlSiCu 
Thickness: 11kA +1kA 


SUBSTRATE POTENTIAL (Powered Up): 
GND (0.0V) 


PASSIVATION: 
Type: Sandwich Passivation 
Nitride + Undoped Silicon Glass (USG) 
Thickness: Nitride 4.2kA, USG 8kA 
Total 12.2kA +2kA 


Metallization Mask Layout 
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WORST CASE CURRENT DENSITY: 
1.6 x 104 Alem? 


TRANSISTOR COUNT: 
4514 


DIE DIMENSIONS: 
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Features 
Sampling Rate 
8.55 Bits Guaranteed at fj, = 10MHz 
Low Power 
Wide Full Power Input Bandwidth 
On Chip Sample and Hold 
Fully Differential or Single-Ended Analog Input 
Single Supply Voltage 
TTL Compatible Interface 
3.3V Digital Outputs Available 


Applications 
¢ Professional Video Digitizing 
Medical Imaging 
Digital Communication Systems 
High Speed Data Acquisition 
Additional Reference Documents 
- AN9534 Using the HI5703 Evaluation Board 


40 MSPS 


250MHz 


- AN9413 Driving the Analog Input of the HI5702 1) 
‘ .. Lik om 
- AN9214 Using Harris High Speed A/D Converters 

g gn op 5703EVAL | 2 Evaluation Board wu a 
ow 
Bo 
Pinout Typical Application Schematic ra = 
HI5703 HI5703 = = 

(SOIC) z 


TOP VIEW 


Description 


The HI5703 is a monolithic, 10-bit, analog-to-digital 
converter fabricated in Harris's BiCMOS process. It is 
designed for high speed applications where wide bandwidth 
and low power consumption are essential. Its 40 MSPS 
speed is made possible by a fully differential pipeline 
architecture with an internal sample and hold. . 


The HI5703 has excellent dynamic performance while 
consuming only 400mW power at 40 MSPS. Data output 
latches are provided which present valid data to the output bus 
with a latency of 7 clock cycles. It is pin-to-pin compatible with 
the HI5702. 


For lower power consumption or internal reference, please refer 
to the HI5746 or HI5767. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 


HI5703KCB 28Ld SOIC (W) | M283 


Vrert (7) 
Vrer- (8) 


(LSB) (28) DO 


AGND (12) 


AGND (6) 


DGND AGND BNC 


¥ © 


DGND (2) 
DGND (21) 


10uF AND 0.1LF CAPS 
ARE PLACED AS CLOSE 
TO PART AS POSSIBLE 


+5V 
+ 


10uF 


_. 


0.1,F 


a 


+ 


1 OuF 


0.1pF 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 4-279 
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Functional Block Diagram 


STAGE 1 
a ESEeaeaeaeemeeaeaeemeeaee@wmseaeseeeeaesaeee & |g 
a 
» DFS 


P 
| 
a 
a 
a a 
| 4 
| | 
aes sor\— | om 
a a 
5 | 
t + * 
| | 
23 : 
& 8 
a | 
| | 
| 8 
" \2/ , 
5 a 
a a 
' i > D9 (MSB) 
a = Ee mBRee ee eee ee eee eee eee ee 
p D8 
- > D7 
® 
® » D6 
STAGE 9 DIGITAL DELAY > DS 
et Se Bee eee eee ee ee ee ee ee AND 
DIGITAL ERROR > D4 
CORRECTION 
> D3 
> D2 
> D1 
> DO (LSB) 


STAGE 10 


AVcc AGND DVcc1 DVcc2 DGND  Vprer+ VREF- 
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Absolute Maximum Ratings Ta, = 25°C 


Supply Voltage, AVcc or DVcc to AGND or DGND.......... +6V 
DA PORNO veesedeen Gebeves eu0ene1esbe ce veueanw es we 0.3V 
Digital /O Pins... 2.2... 00. c cece eee e eee eee DGND to DVcc 
ANGUS PINS. occ peewend ddan d ids soenten sas AGND to AVcc 
Operating Conditions 

Temperature Range, HIS703KCB.................. 0°C to 70°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) 8 ya (°C/W) 
Susier PACREOS 648601 eee deen hoknse hn beaks se 70 
Maximum Junction Temperature... ..............0000005 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. @ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications AVcoc = DVcc1 = DVcco = +5.0V; Vrgrt+ = 3.25V; Vraer- = 2.0V; fg = 40 MSPS at 50% Duty 
Cycle; Cy = 20pF; Ta = 25°C; Differential Analog Input; Unless Otherwise Specified 


ACCURACY 


Full Scale Error, FSE fin = DC 


Effective Number of Bits, ENOB 


Signal to Noise and Distortion Ratio, SINAD 
_ RMS Signal 
~ RMS Noise + Distortion 


Signal to Noise Ratio, SNR 
_ RMS Signal 
~ RMS Noise 


Total Harmonic Distortion, THD 


2nd Harmonic Distortion 


3rd Harmonic Distortion 


PARAMETER TEST CONDITION | MIN | TYP | MAX — UNITS 


a | 
integral Linearity Error INL wade SC*dEC“‘SSCOCSSC OS] =~ sO20 =| CS 
Differential Linearity Error, DNL fin = DC +0.5 + 
(Guaranteed No Missing Codes) 

4 


LSB 
fonset Enon Vos SSSC~d = SCSCSC~C“~‘“*S*S*S*~‘“SCSC SSC‘ dT CdYCi 


DYNAMIC CHARACTERISTICS 
No missing Godes es a OS 


fin=iwne —SSC—~sSSC id di 
FE YO 
Tin=tomnz ——S~d~Cia | Cd 
fin=iwne ——S—S—~—~iS Sid rr 
Ea A 
Tin=townz ———S~iC TCC 
FE ON 
Tin=smez———SS—~sCSS Sid Cd 
Tinsimne—SSS—~sSCSC*idSCt aBc 


fs = 17.72MHz, 6 Step, Mod Ramp 


Differential Phase Error fs = 17.72MHz, 6 Step, Mod Ramp a 
TTransientResponse dT CC 
Over-Voltage Recovery 0.2V Overdrive pe 


ee a Se 
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A/D CONVERTERS 


HIGH SPEED 


HI5703 


Electrical Specifications AVoc = DVcc1 = DVcco = +5.0V; Vrert = 3.25V; Vaer- = 2.0V; fg = 40 MSPS at 50% Duty 
Cycle; Cy = 20pF; Ta = 25°C; Differential Analog Input; Unless Otherwise Specified (Continued) 


PARAMETER TEST CONDITION | MIN | TYP | MAX — UNITS 


ANALOG INPUT 

Maximum Peak-to-Peak Differential Analog 1.25 V 
Input Range (Vin. - Vin-) 

Maximum Peak-to-Peak Single-Ended 

Analog Input Range 


V 
MQ 


Analog Input Common Mode Voltage Range | Differential Mode (Note 1) 
(Vint + Vin-) /2 


Full Power Input Bandwidth (FPBW) 
REFERENCE INPUT 


4.375 


(notes ce 
[AnaloginputCapactance,Gw | CCT Cd] dT dC 
[Analog inputBias Current Tor ore [owes TOOTS CT SOTA 
Differential Analog Input Bias Current +0.5 yA 
ae a a 
re ee ee ee 


250 


FTotalReference Resistance TCT «=O CdYSCOCST:COST:C 
[Reference Gurent ECCT Ce OTR OTA 
[Pastive Reference Volage Input Vrer+ [Nome | SC CT TSS OTC 
[Negative Reference Votage Input. Vner _[Note2) T= TOOT SCT CC 
Reference Common Mode Voltage (Note 2) 2.575 2.675 V 


DC BIAS VOLTAGE 
DC Bias Voltage Output, Voc 


Max Output Current 
DIGITAL INPUTS 


mA 


[Input ogicHgh Votes Vn dd Od 
[nputLogictow Votage, Vu + SSS dT 
[nputLogietow Current ————~dtYusV Cd | iY 
[input Capactance, Cw Sd 


DIGITAL OUTPUTS 


[Oubput togie Sink Curent Igy [Vos 0 Vaag=sV 18] dr 
[Oubpat Logie Source Curent on |Vo=2aViBvoce=8V____| 02 |_| | ma 
[Ouipa Thee Salo Leakage Curent loz [Vo =OBV: DVocg=sV_—_ |__| | #1 
[Ouipattoge Srk Curent for | Vo=08V: DVoggesV__[ 8 | |] ma 
[Subpat Logie Source Curent on |Vo=2AVi Voce=85V___| _o2_| | | ma 
[Ouipa Three State Leaage Curent oz [Vo=OSaVibVocg=ssV__| | 1) 10 aA 
[ouput Capasiance, Coon | 
TIMING CHARACTERISTICS 
Taperure Deay.tap dr 
[aporure iter ay 
Daia Output Doky Top SC A 

AVcc = DVcci = 5V 10%, ? 

DVcco2 = 3.3V 45%, 
[Bate Oupatrew yi 
[Baia Ouiput enable Tirevten | 
[Baia Ouipat Enable Timestois—— | i 
[Gicek Puse wath Cow) | OMSPS COR Sd ne OTe 
[Geek Pulse wah igh) | 4OMSPSCooe ners ies tates Ps 
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Electrical Specifications AVoco = DV¢c; = DVcco = +5.0V; Vaer+ = 3.25V; VreF- = 2.0V; fs = 40 MSPS at 50% Duty 
Cycle; C, = 20pF; Ta = 25°C; Differential Analog Input; Uniess Otherwise Specified (Continued) 


PARAMETER TEST CONDITION | MIN | TYP | MAX UNITS 


Bata Latonoy ar ForavalosanpeWoee) | 
Power-Up Initialization Data Invalid Time (Note 2) | = ff «= | Pe 


POWER SUPPLY CHARACTERISTICS 
8 
OS 
z 


30 
Wines Vinr= 126 andDrS=O] = 8 
Wine Vrs st 2eVandDrS=O] | 

Wines Vinr=at2svandOFS=o] | 400 
[AvooerDVeg=svIs% | |S 

[AvocorDvos=svee% |__| 02 

NOTES: 


2. Parameter guaranteed by design or characterization and not production tested. 
3. With the clock low and DC input. 


Timing Waveforms 


ANALOG 
INPUT 


CLOCK 
INPUT Set Hu. SN \ Hy foxe\rn. 1 f5n«2\ Sn+5\HN+59SnN46\HN+69SN47VHNs 77 SN+8QHNG 8 


sand Gace 


A/D CONVERTERS 
HIGH SPEED 


10TH ; : = = : 
STAGE Grr bilo . (Bin) dll Ree 10,N+3 
Dn. D 


|< __—_—_—_——————— tar a 
NOTES: 
4. Sy: N-th sampling period. 
5. Hy: N-th holding period. 
6. By. nN: M-th stage digital output corresponding to N-th sampled input. 
7. Dy: Final data output corresponding to N-th sampled input. 


FIGURE 1. HI5703 INTERNAL CIRCUIT TIMING 
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Timing Waveforms (Continued) 


ANALOG 
INPUT 
— | tap a 
—>|tay|<— 
I 
CLOCK 
INPUT 1.5V ' 1.5V , 
1 —'! too =< 
1 : 
—s! ty —- 
2.0V 
DATA DATAN-1 »'< DATAN 
OUTPUT 0.8V 


FIGURE 2. INPUT-TO-OUTPUT TIMING 


Typical Performance Curves 


fg = 40 MSPS 
TEMPERATURE = 25°C 


EFFECTIVE NUMBER OF BITS (ENOB) 
dBc 


1 2 4 6 810 20 40 60 80 100 2 4 68 _ 20 40 60 80 100 
INPUT FREQUENCY (MHz) INPUT FREQUENCY (MHz) 
NOTE: SFDR depicted here does not include any harmonic distortion. 
FIGURE 3. EFFECTIVE NUMBER OF BITS (ENOB) vs INPUT FIGURE 4. TOTAL HARMONIC DISTORTION (THD) AND 
FREQUENCY SPURIOUS FREE DYNAMIC RANGE (SFDR) vs 
INPUT FREQUENCY 


450 


Vin « - Vin- = +1.25V AND DFS = “0”| 
TEMPERATURE = 25°C 


dB 


fs = 40 MSPS 
TEMPERATURE = 25°C 


POWER DISSIPATION (mW) 
ow 
oi 
So 


1 2 4 6 810 20 40 60 80 100 50 
INPUT FREQUENCY (MHz) “s aa 


FIGURE 5. SINAD, SNR, AND -THD vs INPUT FREQUENCY FIGURE 6. POWER DISSIPATION vs SAMPLE FREQUENCY 
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Typical Performance Curves (continued) 


10.0 


$ TEER LLL ELE 
re) 
= 
Ww a 9.0 
” & 
5 2 PELE PEL EEL ET 
ive —_ 
> EEE 
: : TTT ty] be a 
= 7.0 
> 5 x 
5 So 6.0 
Lu 
Li 
Li 
7 5 
5.0 
-40 -30 -20 -10 0 10 20 30 40 50 60 70 8085 
TEMPERATURE (°C) TEMPERATURE (°C) 
FIGURE 7. EFFECTIVE NUMBER OF BITS (ENOB) vs FIGURE 8. OUTPUT DELAY TIME (Top) vs TEMPERATURE 


TEMPERATURE AND SAMPLE FREQUENCY 


450 


ts = 40 MSPS a 
440 = 
S Vin - Vin: = 1.25V, DFS =0 < 
= 7) 
= oe = fs = 40 MSPS 
fe) ie fin = 10MHz 
z 420 = TEMPERATURE = 25°C pe 
= W 
” ra) Ww 2 
2 410 = em WwW 
Q a Cc w 
i * Wi Oo. 
= 400 > = ” 
= 
4 5 OG 
390 td Oo= 
LL Q = 
Ww 
380 = 


TEMPERATURE (°C) DUTY CYCLE (%) 
FIGURE 9. POWER DISSIPATION vs TEMPERATURE FIGURE 10. EFFECTIVE NUMBER OF BITS (ENOB) vs DUTY 
CYCLE (Tr/TroTaL) 


8.5 


8.0 


SERGH ERG 


fin =fs/4 
TEMPERATURE = 25°C 


0 10 ao 30 40 50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 85 


fs (MSPS) TEMPERATURE 


TTT TAT 


BERR nae 


7.5 


ATA 


Vi 
i 
a 


EFFECTIVE NUMBER OF BITS (ENOB) 
INTERMODULATION DISTORTION (dBc) 


7.0 


FIGURE 11. EFFECTIVE NUMBER OF BITS (ENOB)vsSAMPLE FIGURE 12. INTERMODULATION DISTORTION (IMD) vs 
FREQUENCY TEMPERATURE 
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Typical Performance Curves (Continued) 
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FIGURE 13. 4096 POINT FFT SPECTRAL PLOT 
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FIGURE 14. 4096 POINT FFT SPECTRAL PLOT 


600 


4-286 


HI5703 


TABLE 1. PIN DESCRIPTION 


ppine | name | DescrPrON 
2 [ano [Pigtal Ground 
o7 
03 


Detailed Description 
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Theory of Operation 


The HI5703 is a 10-bit fully differential sampling pipeline A/D 
converter with digital error correction. Figure 15 depicts the 
circuit for the front end differential-in-differential-out sample- 
and-hold (S/H). The switches are controlled by an internal 
clock which is a non-overlapping two phase signal, 6; and 
bo, derived from the master clock. During the sampling 
phase, 1, the input signal is applied to the sampling capaci- 
tors, Cs. At the same time the holding capacitors, Cy, are 
discharged to analog ground. At the falling edge of $; the 
input signal is sampled on the bottom plates of the sampling 
capacitors. In the next clock phase, do, the two bottom 
plates of the sampling capacitors are connected together 
and the holding capacitors are switched to the op-amp 
output nodes. The charge then redistributes between Cs 
and Cy completing one sample-and-hold cycle. The output 
is a fully-differential, sampled-data representation of the 
analog input. The circuit not only performs the sample-and- 
hold function but will also convert a single-ended input to a 


fully-differential output for the converter core. During the 
sampling phase, the Vij pins see only the on-resistance of a 
switch and Cs. The relatively small values of these compo- 
nents result in a typical full power input bandwidth of 
250MHz for the converter. 


VouT+ 


VouT- 


FIGURE 15. ANALOG INPUT SAMPLE-AND-HOLD 


As illustrated in the functional block diagram and the timing 
diagram in Figure 1, nine identical pipeline subconverter 
stages, each containing a two-bit flash converter and a two- 
bit multiplying digital-to-analog converter, follow the S/H 
circuit with the tenth stage being a one bit flash converter. 
Each converter stage in the pipeline will be sampling in one 
phase and amplifying in the other clock phase. Each individ- 
ual subconverter clock signal is offset by 180 degrees from 
the previous stage clock signal resulting in alternate stages 
in the pipeline performing the same operation. 


The two-bit digital output of each stage is fed to a digital delay 
line controlled by the internal clock. The purpose of the delay 
line is to align the digital output data to the corresponding 
sampled analog input signal. This delayed data is fed to the 
digital error correction circuit which corrects the error in the 
output data with the information contained in the redundant 
bits to form the final ten bit output for the converter. 


Because of the pipeline nature of this converter, the data on 
the bus is output at the 7th cycle of the clock after the analog 
sample is taken. This delay is specified as the data latency. 
After the data latency time, the data representing each suc- 
ceeding sample is output at the following clock pulse. The 
output data is synchronized to the external clock by a double 
buffered latching technique. 


The digital output bits are available in offset binary or two's 
complement format, the format being set by the Data Format 
Select (DFS) input. 


Reference Voltage Inputs, Vaer- and VrReF+ 


The HI5703 requires two reference voltages connected to the 
Vrer pins. The HI5703 is tested with Vper- equal to 2V and 
VreFt equal to 3.25V for a fully differential input voltage 
range of +1.25V. Vaer+ and Vr_er- can differ from the above 
voltages as long as the reference common mode voltage, 
((VReFt+ + VReEF-)/2), does not exceed 2.625V +50mV and 
the limits on Vaer+ and Vp_er- are not exceeded. 


In order to minimize overall converter noise it is recommended 
that adequate high frequency decoupling be provided at the 
reference voltage input pins, Vaer+ and Vp_er-. 
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Analog Input, Differential Connection 


The analog input to the HI5703 is a differential input that can 
be configured in various ways depending on the signal 
source and the required level of performance. A fully 
differential connection (Figure 16 and Figure 17) will give the 
best performance for the converter. 


mw AY —4 


FIGURE 16. AC COUPLED DIFFERENTIAL INPUT 


Since the HI5703 is powered by a single +5V analog supply, 
the analog input is limited to be between ground and +5V. 
For the differential input connection this implies the analog 
input common mode voltage can range from 0.625V to 
4.375V. The performance of the ADC does not change 
significantly with the value of the analog input common 
mode voltage. 


A DC voltage source, Voc, equal to 2.8V (typical), is made 
available to the user to help simplify circuit design when using 
an AC coupled differential input. This low output impedance 
voltage source is not designed to be a reference but makes an 
excellent bias source and stays within the analog input com- 
mon mode voltage range over temperature. It has a tempera- 
ture coefficient of approximately +200ppm/°C. 


For the AC coupled differential input (Figure 16) assume 
the difference between Vper+, typically 3.25V, and Vrer- 
, typically 2V, is 1.25V. Fullscale is achieved when the 
Vint and Vi,- inputs are 1.25Vp.p, with Vix- being 180 
degrees out of phase with Vij+. The converter will be at 
positive fullscale when the Vijj+ input is at Voc + 0.625V 
and Vin- is at Voc - 0.625V (Vint - Vin- = 1.25V). Con- 
versely, the converter will be at negative full scale when 
the Viyt+ input is equal to Vpc - 0.625V and Vi,- is at 
Voc + 0.625V (Vint - Vin- = -1.25V). 


The analog input can be DC coupled (Figure 17) as long as 
the inputs are within the analog input common mode voltage 
range (0.625V < VDC < 4.375V). 


VIN 
vpc Ly 


dH 


FIGURE 17. DC COUPLED DIFFERENTIAL INPUT 


The resistors, R, in Figure 17 are not absolutely necessary 
but may be used as load setting resistors. A capacitor, C, 


connected from Vin+ to Vix- will help filter any high fre- 
quency noise on the inputs, also improving performance. 
Values around 20pF are sufficient and can be used on AC 
coupled inputs as well. Note, however, that the value of 
capacitor C chosen must take into account the highest 
frequency component of the analog input signal. 


Analog Input, Single-Ended Connection 


The configuration shown in Figure 18 may be used with a 
single ended AC coupled input. 


Vint 


Vw —_——S 


vpc HI5703 


ViN- 


FIGURE 18. AC COUPLED SINGLE ENDED INPUT 


Again, assume the difference between Vrer+, typically 
3.25V, and Vr_er-, typically 2V, is 1.25V. If Vin is a 2.5Vp_p 
sinewave, then Viy+ is a 2.5Vp.p sinewave riding on a 
positive voltage equal to VDC. The converter will be at posi- 
tive fullscale when Viy+ is at VDC + 1.25V and will be at 
negative fullscale when Vijyy+ is equal to VDC - 1.25V. Suffi- 
cient headroom must be provided such that the input voltage 
never goes above +5V or below AGND. In this case, VDC 
could range between 1.25V and 3.75V without a significant 
change in ADC performance. The simplest way to produce 
VDC is to use the Vpc output of the HI5703. 


The single ended analog input can be DC coupled 
(Figure 19) as long as the input is within the analog input 
common mode voltage range. 
VIN 
vDc 


Vint 


HI5703 


vbc Vine 


FIGURE 19. DC COUPLED SINGLE ENDED INPUT 


The resistor, R, in Figure 19 is not absolutely necessary but 
may be used as a load setting resistor. A capacitor, C, 
connected from Vijy+ to Vinx- will help filter any high fre- 
quency noise on the inputs, also improving performance. 
Values around 20pF are sufficient and can be used on AC 
coupled inputs as well. Note, however, that the value of 
Capacitor C chosen must take into account the highest 
frequency component of the analog input signal. 


A single ended source may give better overall system 
performance if it is first converted to differential before driv- 
ing the HI5703. Refer to the application notes AN9534, 
“Using the HI5703 Evaluation Board”, and AN9413, “Driving 
the Analog Input of the HI5702”. Application note AN9413 
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applies to the HI5703 as well as the HI5702 and describes 
several different ways of driving the analog differential 
inputs. 


Digital Output Control and Clock Requirements 


The HI5703 provides a standard high-speed interface to 
external TTL logic families. 


In order to ensure rated performance of the HI5703, the duty 
cycle of the clock should be held at 50% +5%. It must also 
have low jitter and operate at standard TTL levels. 


Performance of the HI5703 will only be guaranteed at con- 
version rates above 1 MSPS. This ensures proper perfor- 
mance of the internal dynamic circuits. Similarly, when 
power is first applied to the converter, a maximum of 20 
cycles at a sample rate above 1 MSPS will have to be 
performed before valid data is available. 


A Data Format Select (DFS) pin is provided which will 
determine the format of the digital data outputs. When at 
logic low, the data will be output in offset binary format. 
When at logic high, the data will be output in two’s comple- 
ment format. Refer to Table 2 for further information. 


The output enable pin, OE, when pulled high will three-state 
the digital outputs to a high impedance state. Set the OE 
input to logic low for normal operation. 


OE INPUT DIGITAL DATA OUTPUTS 


a 


Supply and Ground Considerations 


The HI5703 has separate analog and digital supply and ground 
pins to keep digital noise out of the analog signal path. The dig- 
ital data outputs also have a separate supply pin, DVcco, 
which can be powered from a 3.3V to 5.0V supply. This allows 
the outputs to interface with 3.3V logic if so desired. 


The part should be mounted on a board that provides sepa- 
rate low impedance connections for the analog and digital 
supplies and grounds. For best performance, the supplies to 
the HI5703 should be driven by clean, linear regulated sup- 
plies. The board should also have good high frequency 
decoupling capacitors mounted as close as possible to the 
converter. If the part is powered off a single supply then the 
analog supply and ground pins should be isolated by ferrite 
beads from the digital supply and ground pins. 


Refer to the application notes “Using Harris High Speed A/D 
Converters” (AN9214) for additional considerations when 
using high speed converters. 


Static Performance Definitions 
Offset Error (Vos) 


The midscale code transition should occur at a level “a LSB 
above half-scale. Offset is defined as the deviation of the 
actual code transition from this point. 


Full-Scale Error (FSE) 


The last code transition should occur for an analog input that 
is 3/4 LSB below positive Fullscale (+FS) with the offset error 
removed. Full-scale error is defined as the deviation of the 
actual code transition from this point. 


Differential Linearity Error (DNL) 


DNL is the worst case deviation of a code width from the 
ideal value of 1 LSB. 


Integral Linearity Error (INL) 


INL is the worst case deviation of a code center from a best 
fit straight line calculated from the measured data. 


Power Supply Sensitivity 


Each of the power supplies are moved plus and minus 5% 
and the shift in the offset and full scale error (in LSBs) is 
noted. 


TABLE 2. A/D CODE TABLE 


DIFFERENTIAL 
INPUT VOLTAGE 


(Vin+ - Vin-) 


CODE CENTER 
DESCRIPTION 


+FS - 1'/4 LSB 
+°/4 LSB 
-'/4 LSB 
-FS + 1°/4 LSB 


-Full Scale (-FS) 
+ 3/4 LSB 


NOTE: 


Ea KNEE 


1.83mV 


-1.24573V 


OFFSET BINARY OUTPUT CODE TWO’S COMPLEMENT OUTPUT CODE 
(DFS LOW) (DFS HIGH) 


[D9 | D8 | D7 | Dé | Ds | D4 | D3 | D2 | D1 | Do] D9 | Ds | D7 | Dé | Ds | D4 | D3 | D2] D1 | Do 
+Full Scale (+FS) - 1.24939V 1 174 1 1 
"4 LSB 

Ee 


me 
ptfopofofofofofojofofofotofofofotofolofo 
perv Pots tat ttt tt a a a a 
pofofofofofofofofotrtsfoto| 


L L 
S Ss 
B B 


ea 


8. The voltages listed above represent the ideal center of each output code shown as a function of the reference voltage. 


9. Vrert+ = 3.25V and Vrer- = 2.0V. 
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Dynamic Performance Definitions 


Fast Fourier Transform (FFT) techniques are used to evaluate 
the dynamic performance of the HI5703. A low distortion sine 
wave is applied to the input, it is coherently sampled, and the 
output is stored in RAM. The data is then transformed into the 
frequency domain with an FFT and analyzed to evaluate the 
dynamic performance of the A/D. The sine wave input to the 
part is -0.5dB down from full scale for all these tests. 


SNR and SINAD are quoted in dB. The distortion numbers are 
quoted in dBc (decibels with respect to carrier) and DO NOT 
include any correction factors for normalizing to full scale. 


Effective Number Of Bits (ENOB) 


The effective number of bits (ENOB) is calculated from the 
SINAD data by: 


ENOB = (SINAD - 1.76 + Vcorpr) / 6.02 
Vcoorr = 0.5 dB 


Vcore adjusts the ENOB for the amount the input is below 
fullscale. 


Signal To Noise and Distortion Ratio (SINAD) 

SINAD is the ratio of the measured RMS signal to RMS sum of 
all the other spectral components below the Nyquist frequency, 
fs/2, excluding DC. 

Signal To Noise Ratio (SNR) 

SNR is the ratio of the measured RMS signal to RMS noise at 
a specified input and sampling frequency. The noise is the 


RMS sum of all of the spectral components below fs/2 
excluding the fundamental, the first five harmonics and DC. 


Total Harmonic Distortion (THD) 


THD is the ratio of the RMS sum of the first 5 harmonic com- 
ponents to the RMS value of the fundamental input signal. 


where: 


2nd and 3rd Harmonic Distortion 


This is the ratio of the RMS value of the applicable harmonic 
component to the RMS value of the fundamental input signal. 


Spurious Free Dynamic Range (SFDR) 


SFDR is the ratio of the fundamental RMS amplitude to the 
RMS amplitude of the next largest spectral component in the 
spectrum below fs/2. 


intermodulation Distortion (IMD) 


Nonlinearities in the signal path will tend to generate inter- 
modulation products when two tones, f; and fo, are 
present at the inputs. The ratio of the measured signal to 
the distortion terms is calculated. The terms included in 
the calculation are (f1+fo), (f4-fo), (2f1), (2fo), (2f+fo), 
(2f4-fo), (f4+2fo), (f4-2f2). The ADC is tested with each 
tone 6dB below full scale. 


Transient Response 


Transient response is measured by providing a full scale transi- 
tion to the analog input of the ADC and measuring the number of 
cycles it takes for the output code to settle within 10-bit accuracy. 


Over-Voltage Recovery 


Over-Voltage Recovery is measured by providing a full scale 
transition to the analog input of the ADC which overdrives 


the input by 200mV, and measuring the number of cycles it 
takes for the output code to settle within 10-bit accuracy. 


Full Power Input Bandwidth (FPBW) 


Full power input bandwidth is the analog input frequency at 
which the amplitude of the digitally reconstructed output has 
decreased 3dB below the amplitude of the input sine wave. 
The input sine wave has an amplitude which swings from 
-FS to +FS. The bandwidth given is measured at the 
specified sampling frequency. 

Video Definitions 

Differential Gain and Differential Phase are two commonly 
found video specifications for characterizing the distortion of 


a chrominance signal as it is offset through the input voltage 
range of an ADC. 


Differential Gain (DG) 

Differential Gain is the peak difference in chrominance 
amplitude (in percent) relative to the reference burst. 
Differential Phase (DP) 


Differential Phase is the peak difference in chrominance 
phase (in degrees) relative to the reference burst. 


Timing Definitions 
Refer to Figure 1 and Figure 2 for these definitions. 
Aperture Delay (tap) 


Aperture delay is the time delay between the external sam- 
ple command (the falling edge of the clock) and the time at 
which the signal is actually sampled. This delay is due to 
internal clock path propagation delays. 


Aperture Jitter (taj) 


Aperture jitter is the RMS variation in the aperture delay due 
to variation of internal clock path delays. 


Data Hold Time (t}) 


Data hold time is the time to where the previous data (N - 1) 
is no longer valid. 


Data Output Delay Time (top) 


Data output delay time is the time to where the new data (N) 
is valid. 


Data Latency (t_ar) 


After the analog sample is taken, the digital data is output on 
the bus at the 7th cycle of the clock. This is due to the pipeline 
nature of the converter where the data has to ripple through 
the stages. This delay is specified as the data latency. After 
the data latency time, the data representing each succeeding 
sample is output at the following clock pulse. The digital data 
lags the analog input sample by 7 cycles. 


Power-Up initialization 


This time is defined as the maximum number of clock cycles 
that are required to initialize the converter at power-up. The 
requirement arises from the need to initialize the dynamic 
Circuits within the converter. 
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HFA1100: 
HFA1105: 
HFA1106: 
HFA1135: 
HFA1145: 
HFA1245: 
HI5702: 

HI5703: 

HSP9501: 


HSP48410: 


HSP48908: 


HI5703 


DSP/uP 


HFA1100 HI5702 HSP9501 
HFA1105 HI5703 HSP48410 
HFA1106 HSP48908 
HFA1135 HSP48212 
HFA1145 HSP43891 
HFA1245 HSP43168 
HSP43216 
850MHz Video Op Amp 
300MHz Video Op Amp 


250MHz Video Op Amp with Bandwidth Limit Control 
350MHz Video Op Amp with Output Limiting 
300MHz Video Op Amp with Output Disable 

Dual 350MHz Video Op Amp with Output Disable 
10-Bit, 40 MSPS, A/D Converter 

10-Bit, 40 MSPS, Low Power A/D Converter 
Programmable Data Buffer 
Histogrammer/Accumulating Buffer, 10-Bit Pixel 
Resolution 

2-D Convolver, 3 x 3 Kernal Convolution, 8-Bit 


HI5780 HA5020 
HI1171 HA2842 
CA3338 HFA1115 
HFA1212 
HFA1412 
HSP48212: Digital Video Mixer 
HSP43891: Digital Filter, 30MHz, 9-Bit 
HSP43168: Dual FIR Filter, 10-Bit, 33MHz/45MHz 
HSP43216: Digital Half Band Filter 
HI5780: 10-Bit, 80 MSPS, Video D/A Converter 
HI1171: 8-Bit, 40 MSPS, Video D/A Converter 
CA3338: 8-Bit, 50 MSPS, Video D/A Converter 
HA5020: 100MHz Video Op Amp 
HA2842: High Output Current, Video Op Amp 
HFA1115: 225MHz Programmable Gain Video Buffer with 
Output Limiting 
HFA1212: 350MHz, Dual Programmable Gain Video Buffer 
HFA1412: 350MHz, Quad Programmable Gain Video Buffer 


In addition, CMOS Logic Families in HC/HCT, AC/ACT, FCT and CD4000 are available. 


FIGURE 20. 10-BIT VIDEO IMAGING COMPONENTS 


HFA1100 HI5702 HSP43168 
HFA1110 HI5703 HSP43216 
HFA3101 HSP43220 
HFA3102 HSP43891 
HFA3600 HSP50016 

HSP50110 

HSP50210 


HFA1100: 850MHz Op Amp 

HFA1110: 750MHz Unity Gain Video Buffer 
HFA3101: Gilbert Cell Transistor Array 

HFA3102: Dual Long-Tailed Pair Transistor Array 
HFA3600: Low Noise Amplifier/Mixer 

HI5702: 10-Bit, 40 MSPS, A/D Converter 


cr 

wi a 

Ee Ww 

ow 

wf 
HI5721 HFA1112 Se 
HI5780 HFA1113 06 
HI20201 OF 
HI20203 S 


HI5703: 10-Bit, 40 MSPS, Low Power A/D Converter 


HSP43168: 
HSP43216: 
HSP43220: 
HSP43891: 
HSP50016: 
HSP501 10: 
HSP50210: 


Dual FIR Filter, 10-Bit, 33MHz/45MHz 
Digital Half Band Filter 

Decimating Digital Filter 

Digital Filter, 30MHz, 9-Bit 

Digital Down Converter 

Digital Quadrature Tuner 

Digital Costas Loop 


HI5721: 10-Bit, 100 MSPS, Communications D/A Converter 


HI5780: 10-Bit, 80 MSPS, D/A Converter 


HI20201: 10-Bit, 160 MSPS, High Speed D/A Converter 
HI20203: 8-Bit, 160 MSPS, High Speed D/A Converter 
HFA1112: 850MHz Programmable Gain Video Buffer 
HFA1113: 850MHz Programmable Gain Video Buffer with Output Limiting 


In addition, CMOS Logic Families in HC/HCT, AC/ACT, FCT and CD4000 are available. 
FIGURE 21. 10-BIT COMMUNICATIONS COMPONENTS 


4-291 


@ HARRIS HIS710A 


August 1997 10-Bit, 20 MSPS A/D Converter 
Features Description 
e Resolution +0.5 LSB (DNL)..............208- 10-Bit The HI5710A is a low power, 10-bit, CMOS analog-to-digital 
¢ Maximum Sampling Frequency ........... 20MSPS_ COnverter. The use of a 2-step architecture realizes low 


power consumption, 150mW, and a maximum conversion 


¢ Low Power Consumption speed of 20MHz with only a 3 clock cycle data latency. The 


(Reference Current Excluded) .............. 150mW —1415710A can be powered down, disabling the chip and the 
e Standby Mode Power ..........0ccceeeeeeees 5mW digital outputs, reducing power to less than 5mW. A built-in, 
¢ No Sample and Hold Required user controllable, calibration circuit is used to provide low 


linearity error, 1 LSB. The low power, high speed and small 
package outline make the HI5710A an ideal choice for CCD, 
e Three-State TTL Compatible Outputs battery, and high channel count applications. 


Single +5V Analog Power Supply 


¢ TTL Compatible Inputs 


The HI5710A does not require an external sample and hold 


¢ Single +3.3V or +5V Digital Power Supply but requires an external reference and includes force and 
sense reference pins for increased accuracy. The digital out- 

Applications puts can be inverted, with the MSB controlled separately, 
allowing for various digital output formats. The HI5710A 

e Video Digitizing - Multimedia includes a test mode where the digital outputs can be set to 

¢ Data Communications a fixed state to ease in-circuit testing. 

* Image Scanners Ordering Information 


Medical Imaging 

e Video Recording Equipment 
e Camcorders 

¢ QAM Demodulation 


TEMP. 
PART NO. RANGE (°C) 


HI5710AJCQ -20 to 75 48 Ld MQFP Q48.7x7-S 


Pinout 
HI5710A (MQFP) 
TOP VIEW 


LINV CT) 


i 

Q 

> 

< 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


File Number 3921.5 


Copyright © Harris Corporation 1997 
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Functional Block Diagram 
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A/D CONVERTERS 
HIGH SPEED 
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Absolute Maximum Ratings Ty = 25°C 


Supply Voltages, AVon, OV on. cs es cecrecee scence sceueaens 7V 
Reference Voltage, Vat, Vag ..-.----- Vpp + 0.5V to Vss - 0.5V 
Analog Input Voltage, Viy............- Vpp + 0.5V to Vss - 0.5V 
Digital Input Voltage, Vip, Vit... ...---- Vpp + 0.5V to Vss - 0.5V 
Digital Output Voltage, Voy, VoL------- Vpp + 0.5V to Vss - 0.5V 


Operating Conditions 


Supply Voltage 
AY DBs AY SG 6 oii a0 sa hoe maeed eer ariw seca rasa a +5V +0.25V 
OVW itis OV GG ciian sc dteeaeweanesae nies +3.3V to 5V +0.25V 
[DGND-AGMOD oi icccesecnssaeesazaseanaaad OmV to 100mV 
Reference Input Voltage 
i ee eee eter ee errr rete te ee ee ee 1.8V to 2.8V 
i) CELE ECE EEOC L TEE Teer TT eee 3.6V to 4.6V 


Thermal Information 


Thermal Resistance (Typical, Note 1) Oya (CCW) 
MOFPP PACKAOO .. «secs csctecessaseccuvsaes 111 
Maximum Junction Temperature... ............ 0000 e eee 150°C 
Maximum Storage Temperature Range, TstG ..... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 
(Lead Tips Only) 
Analog Input Range, Viy......-- (Vat - Vrp) (1.8Vp-_p to 2.8Vp_p) 
Clock Pulse Width 
oS ee ee eee ee ee eee ee 25ns (Min) 
nt Pee ee TEPPER TPT eee Tee ee TL eee eee 25ns (Min) 
Temperature, Th oncicccsanescevrcnseed sagnees -20°C to 75°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. 65a is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications 


SYSTEM PERFORMANCE 


fo = 20 MSPS, AVpp = +5V, DVpp = +3.3V, Vrp = 2.0V, Var = 4.0V, Ta = 25°C (Note 2) 


[_rananeren | ___testeowomons wm | ve | wax [owt 
SVSTEMPERFORMANCE—OSOSCSCSCSCSCSC“‘*CS*s*S*‘“S*SCSCS 


Offset Voltage 


Spurious Free Dynamic Range, SFDR 


ee) 
N 


cs f 
<a 
of 
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Electrical Specifications fc = 20 MSPS, AVpp = +5V, DVpp = +3.3V, Vrp = 2.0V, Vaz = 4.0V, Ta = 25°C (Note 2) (Continued) 


PARAMETER TEST CONDITIONS | MIN: | TYP | MAX — UNIT 


ANALOG INPUTS 


Analog Input Current 
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DIGITAL INPUTS 


Digital Input Voltage 


0.80 
Digital Input Current 


Von = DVpp -0.5V 3.5 


5] 5] 3|3 


DIGITAL OUTPUTS 


Digital Output Current 


VoL = 0.4V 
VoH = DVpp 


VoL = OV 


Digital Output Leakage Current lo7H 


> 


TIMING CHARACTERISTICS 


Output Data Delay, tp, Load is One TTL Gate | 8 | 18 | 18 


Sampling Delay, tsp res, 2 i 2 


POWER SUPPLY CHARACTERISTIC 
es ee ee 


ee ee ee 
es ee 


2. Electrical specifications guaranteed only under the stated operating conditions. 
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Timing Diagrams 


1.65V (DVpp = 3.3V) 
2.5V (DVpp = 5.0V) 


DATA OUTPUT 4 — 
—————- 


to. 


© = INDICATES POINT AT WHICH ANALOG DATA IS SAMPLED 


FIGURE 1. 


1.65V (DVpp = 3.3V) 


aon SD PAN) 1.65V (DVpp = 3.3V) 
OUTPUT ENABLE (OE) 2.5V (DVpp = 5.0V) 
EMAL 
rt ) Seauameemegeaegeeu@wensewensaee = ww SADR DE LS SN ee sta te 
DATA OUTPUT ACTIVE HIGH IMPEDANCE 


@Qeseeeeese eee aeas ess 


FIGURE 2. 
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Calibration Timing Diagrams 
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FIGURE 3. EXTERNAL CALIBRATION PULSE TIMING DIAGRAM 
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FIGURE 4A. CALIBRATION DURING H SYNC 


INPUT rtf & © EF © 8 Hh 0 OT a OP a a Ul ...Uvr TT... 


FIGURE 4B. CALIBRATION DURING V SYNC 


FIGURE 4. EXAMPLES OF EXTERNAL CALIBRATION PULSE INPUT FOR VIDEO APPLICATIONS 
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Typical Performance Curves 


fc = 20MHz 


fin = 1kKHz RAMP WAVE 
AVpp = 5.0V 
DVpp = 3.3V 


SUPPLY CURRENT (mA) 


-20 0 25 50 75 100 
AMBIENT TEMPERATURE (°C) 


FIGURE 5. SUPPLY CURRENT vs AMBIENT TEMPERATURE 


AVpp = 5.0V 
DVpp = 3.3V 
fo = 1MHz 
C, = 20pF 


OUTPUT DATA DELAY (ns) 


AMBIENT TEMPERATURE (°C) 


FIGURE 7. OUTPUT DATA DELAY vs AMBIENT TEMPERATURE 


SINAD (dB) 


AVpp = 5.0V 
DVpp = 3.3V 
fo = 20MHz 
Vin = 2Vp.p 
Ta = 25°C 


NET 
CUI PANIIT 
a 


— FREQUENCY ats 


FIGURE 9. SINAD vs INPUT FREQUENCY 


fin = 1kHz RAMP WAVE 
AVpp = 5.0V 
DVpp = 3.3V 


MAXIMUM OPERATING FREQUENCY (MHz) 


-20 0 25 50 75 100 
AMBIENT TEMPERATURE (°C) 


FIGURE 6. MAXIMUM OPERATING FREQUENCY vs AMBIENT 
TEMPERATURE 


AVpp = 5.0V 
DVpp = 3.3V 
fc = 1MHz 


SAMPLING DELAY (ns) 


AMBIENT TEMPERATURE (°C) 


FIGURE 8. SAMPLING DELAY vs AMBIENT TEMPERATURE 
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FIGURE 10. SFDR vs INPUT FREQUENCY 


4-298 


HI5710A 


Typical Performance Curves (continued) 
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FIGURE 13. ANALOG INPUT CURRENT vs INPUT VOLTAGE FIGURE 14. ENOB vs CLOCK FREQUENCY 
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FIGURE 15. THD vs INPUT FREQUENCY FIGURE 16. SNR vs INPUT FREQUENCY 
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Pin Description and I/O Pin Equivalent Circuit 


PIN 
NUMBER SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


1 to 5, DO to D9 DVpp Digital Outputs: DO (LSB) to D9 (MSB). 
8 to 12 
D1 
DVss 


ee ee NN 
eee ee 
Jn RE es 


Bi, 20; AVss Analog Vss. 
36, 43, 44 
17 SEL 


AVpp Controls calibration input pulse selection after 
completion of the internal start-up calibration function. 
High: Selects the internal auto calibration pulse 
generation function 

Low: Selects the external calibration pulse input, CAL 
pin 41. 


7 CLK Clock Pin. 
41 CAL Calibration Pulse Input, calibration starts on a falling 
edge, normally high. 
15 RESET AV Calibration Circuit Reset and Internal Calibration 
DD : ' ‘ 
Function Restart, resets with a negative pulse, 
normally high. 
AVss 
AVpp.- 
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Pin Description and I/O Pin Equivalent Circuit (continued) 


PIN 
NUMBER SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


29, 30 | Vat | Reference Top, |Reference Top, normally 4.0V. 4.0V. 


34, 35 lnesneneletnee i Bottom, normally 2.0V. 


23 AVpp DO to D9 Output Enable. 
Low: Outputs Enabled. 
High: High Impedance State. 
AVss 
24 CE AVpp Chip Enable. 
AVss 
19 


Low: Active State. 
7 


High: Standby State. 


Test Mode. 
High: Normal Output State. 
Low: Output fixed. 


Output Inversion. 
High: DO to D8 are inverted. 
Low: DO to D8 are normal. 
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Pin Description and I/O Pin Equivalent Circuit (continued) 


PIN 
NUMBER SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


21 MINV AVpp Output Inversion. 
High: D9 is inverted. 
Low: D9 is normal. 
AVss 


Analog Input. 


A/D OUTPUT CODE TABLE 
DIGITAL OUTPUT CODE 


Oeee-—-O eo oe -_ 


NOTE: 
3. This table shows the correlation between the analog input voltage and the digital output code. (TESTMODE = 1, MINV and LINV= 0) 


DIGITAL OUTPUT DATA FORMAT TABLE 


NOTES: 
4. This table shows the output state for the combination of TESTMODE, LINV, and MINV states. 
5. N: Non-Inverted Output. 
6. |: Inverted Output. 
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Detailed Description 


The HI5710A is a two step A/D converter featuring a 5-bit 
upper comparator group and a 5-bit lower comparator group. 
A user controllable internal calibration unit is used to improve 
linearity. 


The voltage references must be supplied externally, with Vag 
and Vprt typically being set to 2.0V and 4.0V respectively. 


Both chip enable and output enable pins are provided for 
flexibility and to reduce power consumption. The digital 
outputs can be inverted by control inputs LINV and MINV, 
where LINV controls outputs DO through D8 and MINV con- 
trols output D9 (MSB). This allows for various digital output 
data formats, such as straight binary, inverted binary, offset 
two’s complement or inverted offset two’s complement. 


Analog Input 


The analog input typically requires a 2Vp-p full scale input 
signal. The full scale input can range from 1.8Vp.p to 
2.8Vp._p dependent on the voltage references used. 


The input capacitance is small when compared with other flash 
type A/D converters. However, it is necessary to drive the input 
with an amplifier with sufficient bandwidth and drive capability. 
Op amps such as the HA5020 should make an excellent input 
amplifier depending on the application requirements. In order to 
prevent parasitic oscillation, it may be necessary to insert a 
resistor between the output of the amplifier and the A/D input. 
Be sure to consider the amplifiers settling time in CCD 
applications or where step inputs are expected. 


Reference Input 


The analog input voltage range of the A/D is set by the voltage 
difference between the V_t and Vpp voltage references. The 
HI5710A is designed for use with external voltage references 
of 2.0V and 4.0V on Vpp and Vp_r, respectively. The analog 
input voltage range of the A/D will now be from 2.0V to 4.0V. 
The Vrp voltage reference range is 1.8V to 2.8V and the Vat 
voltage reference range is 3.6V to 4.6V. The voltage 
difference between the V_r and Vpp voltage references, 
(Vrt - Vrp), can range from 1.8V to 2.8V. 


The Vrr and Vprp voltage reference input pins must be 
decoupled to analog ground to minimize noise on these 
references. A 0.1,,F capacitor is usually adequate. 


Clock Input 


The HI5710A samples the input signal on the rising edge of the 
clock with the digital data being latched at the digital outputs 
(DO - D9) after 3 clock cycles. The HI5710A is designed for use 
with a 50% duty cycle square wave, but a 10% variation should 
not affect performance. 


The clock input can be driven from +3.3V CMOS or +5V 
TTL/CMOS logic. When using a +3.3V digital supply, HC or 
AC CMOS logic will work well. 


Digital Inputs 


The digital inputs can be driven from +3.3V CMOS or +5V 
TTL/CMOS logic. When using a +3.3V digital supply, HC or 
AC CMOS logic will work well. 


Digital Outputs 


The digital outputs are CMOS outputs. The LINV control 
input will invert outputs DO through D8 and MINV control 
input will invert output D9 (MSB). This allows the user to set 
the digital output data for a number of different digital for- 
mats. The outputs can also be three-stated by pulling the OE 
control input high. 


The digital output supply can run from +3.3V or +5V. The 
digital outputs will generate less radiated noise using +3.3V, 
but the outputs will have less drive capability. The digital 
outputs will only swing to DVpp, therefore exercise care if 
interfacing to +5V logic when using a +3.3V supply. 


The digital output data can also be set to a fixed, 
predetermined state, through the use of the TESTMODE, 
LINV and MINV control input signals, see the Digital Output 
Data Format table. By setting the TESTMODE pin low, the 
outputs go to a defined digital pattern. This pattern is varied 
by the MINV and LINV control inputs. This feature can be 
used for in-circuit testing of the digital output data bus. 


Calibration Function 


The HI5710A has a built-in calibration unit which is designed 
to provide superior linearity by correcting the gain error of 
the subrange amplification circuitry. In addition to the 
calibration unit, the HI5710A provides a built-in auto 
calibration pulse generation function. Figure 20 shows a 
functional block diagram of the auto calibration pulse 
generator circuit. 


The calibration pulse generation functions provided can be 
subdivided into four operational areas. The first function is 
the generation of the calibration pulses required to complete 
the initial (power-up) calibration process when power is first 
supplied to the converter. The next two functions accommo- 
dated are the generation of periodic calibration pulses, either 
internally or externally, to maintain calibration. The last 
function is the provision for externally initiating or re-initiating 
the power-up calibration process. 


Power-up Calibration Function 


The initial power-up calibration requires over 600 calibration 
pulses in order to complete the calibration process when 
power is first applied to the converter. The power-up calibra- 
tion function provided by the auto calibration pulse generator 
automatically generates these pulses internally and 
completes the initial calibration process. The following five 
conditions must be satisfied in order for the auto calibration 
pulse generator power-up calibration process to be initiated : 


a) The voltage between AVpp and AVgsg is approximately 
2.5V or more. 


b) The voltage between Vpt and Vpp is approximately 1.0V 
or more. 


c) The RESET control input pin (Pin 15) must be high 
(logic 1). 


d) The CE control input pin (Pin 24) must be low (logic 0). 
e) Condition b must be met after condition a. 


Once all five of these conditions is satisfied the power-up 
calibration pulses are generated. These power-up calibration 
pulses are derived from a divided-by sixteen sample clock 
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(CLK/16). A 14-bit counter is also counting the CLK/16 
signal and when the 14-bit counter reaches the end of its 
count range the carry out from the counter is used to gate off 
or mask the CLK/16 power-up calibration pulses. 


The time required for the power-up calibration process to be 
completed after the above five conditions has been met can 
be calculated using the following equation: 


tPower-Up Cal = (24 x 2'4V/(foik) = 2'8toik. 

For example, if the sample clock frequency is 20MHz, the 
time required for the power-up calibration process to be 
completed, after the above five conditions has been met, is 


tpower-Up Cal = 2'®/cik = 2'8/20x108 = 262,144/20 x 10°, 


tPower-Up Cal = 19.1ms. 
Auto Calibration Pulse Generation Function 


The auto calibration pulse generator provides the user with 
the choice of internal or external periodic calibration pulse 
generation following the completion of the power-up calibra- 
tion process. The selection of internal or external periodic 
calibration pulse generation is made through the use of the 
SEL control input pin (pin 17). Setting the SEL control input 
pin high (logic 1) selects the internal periodic calibration 
pulse generation function. Setting the SEL control input pin 
low (logic 0) selects the external calibration pulse input pin 
(CAL, pin 41). 


For the case where the internal periodic calibration pulse 
generation function has been chosen, SEL control input pin 
high, the auto calibration pulse generator periodically gener- 
ates calibration pulses internally so that calibration is per- 
formed constantly without the need to provide calibration 
input pulses from an external source. These periodic calibra- 
tion pulses are derived from the divided-by sixteen sample 
clock (CLK/16). The CLK/16 signal drives a 24-bit counter 
which generates a carry-out that is used as the internal cali- 
bration pulse. The time between calibration pulses when 
using the internal auto calibration pulse generator can be 
calculated using the following equation: 


tinternal Cal Pulse = (24 x 274\/(foLk) = 278 /toiK. 


For example, if the sample clock frequency is 20MHz, the 
time between internal auto calibration pulses is: 


tinternal Cal Pulse = 2-°/IcLK = 278/20 x 10° = 
268,435,456/20 x 10°, 


tinternal Cal Pulse = 13.45. 


Since a calibration is completed once every seven 
calibration pulses, the time required to complete a 
calibration cycle is: 


tinternal Cal Cycle = (7 x 2° 8yitcLK. 


Therefore, if the sample clock frequency is 20MHz, the inter- 
nal calibration cycle is: 


tinternal Cal Cycle = (7 x 278/20 x 10® = 93.95s. 


It should be noted that this method of periodic calibration 
may not be acceptable if the fixing of the lower five output 
bits during the calibration (see the discussion below on 
external calibration pulse input function) would cause 
problems since the calibration is executed asynchronously 
without regard to the analog input signal. 


External Calibration Pulse Input Function 


If the auto calibration pulse generation function cannot be 
used then periodic calibration can be performed by providing 
externally input calibration pulses to the CAL input pin 
(pin 41) and setting the SEL control input pin (pin 17) low. 
Refer to Figure 3, External Calibration Pulse Timing 
Diagram, for details on the required timing of the externally 
supplied calibration pulses. 


A setup time of 10ns or longer is required for the CAL input 
and it must stay low for at least one sample clock (CLK) 
period. Calibration starts when the falling edge of the exter- 
nally supplied calibration pulse, input to the CAL pin, is 
detected. One calibration is completed in 11 sample clock 
cycles. Seven sample clock cycles after the falling edge of 
the externally supplied calibration pulse is detected, the 
Calibration circuit takes exclusive possession of the lower 
comparators, DO through D4, for four sample clock cycles. 
During this time, the DO through D4 outputs are latched with 
the previous data (cycle seven data). The upper 5 bits, D5 
through D9, will operate as usual during the calibration. 


The calibration must be done when the part is first powered up, 
if the sampling frequency changes, when the supplies vary 
more than 100mV or when (Vpr - Vag) changes more than 
200mV. Figure 4 shows several possible external calibration 
pulse timing schemes where the calibration is performed 
outside the active video interval by using the video sync signal 
as the externally supplied CAL input. It is not necessary to 
calibrate as often as these figures show, these are only design 
ideas. It is also possible to use only the power-up calibration 
function by leaving the SEL control input pin (pin 17) low and 
fixing the CAL input pin (pin 41) either high or low. Note, 
however, that using only the power-up calibration function will 
require the above restrictions on the sample frequency and the 
fluctuation range of the power supply voltage and the 
reference voltage differential be maintained. 


Initiating/Re-Initiating Power-up Calibration Function 


The power-up calibration function can be initiated/re-initiated 
after the power supply voltage and the reference voltages 
are stabilized by using the CE (pin 24) or RESET (pin 15) 
control input pins. This might prove useful in a situation 
where the turn-on characteristics of the power supply and 
reference voltages is unstable/indeterminate or where the 
sequence of power-up does not meet the required conditions 
stated earlier. 


Power, Grounding, and Decoupling 


To reduce noise effects, keep the analog and digital grounds 
separated. Bypass both the digital and analog Vpp pins to 
their respective grounds with a ceramic 0.1uF capacitor 
close to the input pin. A larger capacitor (1uF to 10uF) 
should be placed somewhere on the PC board for low fre- 
quency decoupling of both analog and digital supplies. 


The analog supply should be present before the digital supply 
to reduce the risk of latch-up. The digital supply can run from 
+3.3V or +5V. A +3.3V supply generates less radiated noise at 
the digital outputs, but results in less drive capability. The 
specifications do not change with digital supply levels. 
Remember, the digital outputs will only swing to DVpp. 
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To obtain full expected performance from the converter be recommended that the converter be mounted directly to the 
sure that the circuit board has a large ground plane to circuit board and the use of a socket is highly discouraged. 
provide as low an impedance as possible. It is 
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Test Circuits (continued) 
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FIGURE 20. CALIBRATION PULSE GENERATION CIRCUIT 
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FIGURE 21A. POWER-UP CALIBRATION WITH INTERNAL AUTO CALIBRATION SELECTED 
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Typical Application Circuits (continued) 
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FIGURE 21B. POWER-UP CALIBRATION WITH EXTERNAL CALIBRATION PULSE INPUT SELECTED 
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Typical Application Circuits (continued) 
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Timing Definitions 


Sampling Delay, is the time delay between the external 
sample command (the rising edge of the clock) and the time 
at which the analog input signal is actually sampled. This 
delay is due to internal clock path propagation delays. 


Data Latency, after the analog sample is taken, the digital 
representation is output on the digital data output bus after 
the 3rd cycle of the clock. This is due to the pipeline nature 
of the converter where the data has to ripple through the 
stages. This delay is specified as the data latency. After the 
data latency time, the data representing each succeeding 
analog input sample is output on the following rising edge of 
the clock pulse. The digital data output lags the analog input 
sample by 3 sampling clock cycles. 


Power-up Initialization, this time is defined as the 
maximum number of clock cycles that are required to 
initialize the converter at power-up. The requirement arises 
from the need to initialize some dynamic circuits within the 
converter. 


Static Performance Definitions 


Differential Linearity Error, DNL, is the worst case 
deviation of a code width from the ideal value of 1 LSB. The 
converter is guaranteed to have no missing codes over the 
operating temperature range. 


integral Linearity Error, INL, is the worst case deviation of 
a code center from a best fit straight line calculated from the 
measured data. 


Dynamic Performance Definitions 


Fast Fourier Transform (FFT) techniques are used to 
evaluate the dynamic performance of the HI5710A. A low 
distortion sine wave is applied to the input, it is sampled, and 
the output is stored in RAM. The data is then transformed 
into the frequency domain with a 2048 point FFT and ana- 
lyzed to evaluate the dynamic performance of the A/D. The 
analog sine wave input signal to the converter is -0.5dB 
down from full scale for all these tests. The distortion num- 
bers are quoted in dBc (decibels with respect to carrier) and 
DO NOT include any correction factors for normalizing to full 
scale. 


Signal-to-Noise Ratio, SNR, is the measured RMS signal 
to RMS noise for a specified analog input frequency and 
sampling frequency. The noise is the RMS sum of all of the 
spectral components excluding the fundamental and the first 
five harmonics. 


Signal-to-Noise + Distortion Ratio, SINAD, is the measured 
RMS signal to RMS sum of all other spectral components 
below the Nyquist frequency excluding DC. 


Effective Number Of Bits, ENOB, the effective number of 
bits (ENOB) is calculated from the measured SINAD data. 
as follows: 


ENOB = (SINAD - 1.76 + Vcorp) / 6.02, 
where: Vcorr = 0.5aB. 


Vcorr adjusts the ENOB for the amount the analog input 
signal is below full scale. 


2nd and 3rd Harmonic Distortion, is the ratio of the RMS 
value of the 2nd and 3rd harmonic component, respectively, 
to the RMS value of the measured input signal. 


Analog Input Bandwidth, is the frequency at which the 
amplitude of the digitally reconstructed output has 
decreased 3dB below the amplitude of the input sine wave. 
The input sine wave has a peak-to-peak amplitude equal to 
the differential reference voltage. The bandwidth given is 
measured at the specified sampling frequency. 
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HFA1135 
HFA1245 
HA5020 


HFA1135: 
HFA1245: 
HA5020: 
HI5710A: 


HI5767/2/4: 


HSP9501: 


HSP48410: 
HSP48908: 
HSP48212: 
HSP43891: 
HSP43168: 
HSP43216: 


HI1171: 
HI3338: 
HI3050: 
HA2842: 
HFA1115: 


HI5710A 
HI5767/2 
HI5767/4 


DSP/uP 


HSP9501 
HSP48410 
HSP48908 


HI1171 
HI3050 
HI3338 


HA5020 
HA2842 
HFA1115 


HSP48212 
HSP43891 
HSP43168 
HSP43216 


350MHz Op Amp with Output Limiting 

Dual 350MHz Op Amp with Disable/Enable 

100MHz Video Op Amp 

10-Bit, 20 MSPS, A/D Converter 

10-Bit, 20/40 MSPS, Low Power A/D Converter with Internal Reference 
Programmable Data Buffer 

Histogrammer/Accumulating Buffer, 10-Bit Pixel Resolution 
2-D Convolver, 3 x 3 Kernal Convolution, 8-Bit 

Digital Video Mixer 

Digital Filter, 30MHz, 9-Bit 

Dual FIR Filter, 10-Bit, 33MHz/45MHz 

Digital Half Band Filter 

8-Bit, 40MHz, Video D/A Converter 

8-Bit, 50MHz, Video D/A Converter 

Triple 10-Bit, 50MHz, Video DAC 

High Output Current, Video Op Amp 

350MHz Programmable Gain Buffer with Output Limiting 


CMOS Logic Available in HC, HCT, AC, ACT, and FCT. 


FIGURE 22. 10-BiT VIDEO IMAGING COMPONENTS 


HFA3600 
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HFA3102: 
HFA3101: 
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HI5710A: 


HI5767/2/4: 
HSP43168: 
HSP43216: 
HSP43891: 
HSP50016: 
HSP501 10: 
HSP50210: 


HI5721: 
HI5780: 
HI20201: 
HI20203: 
HFA1115: 


DSP/uP 


HI5710A HSP43168 HI5721 
HI5767/2 HSP43216 HI20201 
HI5767/4 HSP43891 HI20203 
HSP50016 HI5780 
HSP50110 
HSP50210 


Low Noise Amplifier/Mixer 

Dual Long-Tailed Pair Transistor Array 

Gilbert Cell Transistor Array 

850MHz Op Amp 

10-Bit, 20 MSPS, A/D Converter 

10-Bit, 20/40 MSPS, Low Power A/D Converter with Internal Reference 
Dual FIR Filter, 10-Bit, 33MHz/45MHz 

Digital Half Band Filter 

Digital Filter, 30MHz, 9-Bit 

Digital Down Converter 

Digital Quadrature Tuner 

Digital Costas Loop 

10-Bit, 100MHz, Communications D/A Converter 

10-Bit, 80MHz CMOS D/A Converter 

10-Bit, 160MHz, High Speed D/A Converter 

8-Bit, 160MHz, High Speed D/A Converter 

350MHz Programmable Gain Buffer with Output Limiting 


CMOS Logic Available in HC, HCT, AC, ACT, and FCT. 


FIGURE 23. 10-BIT COMMUNICATIONS COMPONENTS 
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August 1997 8-Bit, 40/60/75 MSPS A/D Converter 
Features Description 
¢ Sampling Rate ............00eeeeee 40/60/75 MSPS__ The HI5714 is a high precision, monolithic, 8-bit, Analog-to- 
ot 325mW Digital Converter fabricated in Harris’ advanced HBC10 
ON PONG 6c iiemicnn eevee ee ha riaedenus m BiCMOS process. 
* 7.65 ENOP at 4.45Mhz The HI5714 is optimized for a wide range of applications such as 
¢ Overflow/Underflow Three-State TTL Output ultrasound imaging, mass storage, instrumentation, and video 


digitizing, where accuracy and low power consumption are 
essential. The HI5714 is offered in 40 MSPS, 60 MSPS, and 75 
¢ Very Low Analog Input Capacitance MSPS sample rates. 


¢ No Buffer Amplifier Required The HI5714 delivers +0.4 LSB differential nonlinearity while 
consuming only 325mW power (Typical) at 75 MSPS. The 
digital inputs and outputs are TTL compatible, as well as 


¢ Operates with Low Level AC Clock 


¢ No Sample and Hold Required 


¢ TTL Compatible /O allowing for a low-level sine wave clock input. 
° Pin-Compatible to Philips TDA8714 Ordering Information 
Applications — 

¢ Video Digitizing NUMBER (°C) 


¢ QAM Demodulator 
e Digital Cable Setup Box 
¢ Tape Drive/Mass Storage 
e Medical Ultrasound Imaging HIS714EVAL] 25. | Evaluation Board 


¢ Communication Systems 


Pinout 
HI5714 
(SOIC) 
TOP VIEW 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3973.3 
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Copyright © Harris Corporation 199 4-311 


A/D CONVERTERS 
HIGH SPEED 


HI5714 


Functional Block Diagram 
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Typical Application Schematic 


+5VA 


CLOCK IL. © 


HI5714 11 
O/U 


DGND AGND BNC 


2 © 1nF and 0.1n.F CAPS are placed 
as close to part as possible. 


NOTES: 
1. Pin 5 should be connected to AGND and pins 3 and 10 to DGND to reduce noise coupling into the device. 
2. Analog and Digital supplies should be separated and decoupled to reduce digital noise coupling into the analog supply. 
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Absolute Maximum Ratings Ty, = 25°C 


Thermal Information 


VGA, VORn VORE) cs eccessintesecaes cvecens -0.3V to +6.0V Thermal Resistance (Typical, Note 1) Bya (CCW) 
VOCA*VCCD +e ere e eter e ete eee eee teens 0.3V SOIC Package... 0... eee cee eee ences 75 
VOCO*VOCD «eect tect tence ee eee nee nee e eens 0.3V_ Maximum Junction Temperature (Plastic Package) ........ 150°C 
VOCA~VCCO see eerste teen eee e teen nee ees 0.3V Maximum Storage Temperature Range ......... -65°C to 150°C 
Vine Vouk. Vars Vite OE acc cesetecsassmnenses -0.3V to+6.0V Maximum Lead Temperature (Soldering 10s)............. 300°C 
iy CRONE! FING ck pear ewe ded ee ere eons Meee e 10mA (SOIC - Lead Tips Only) 

put Coren, Al PiiS.sccasceascevanwsievnsa ceed anew 1imA 


Lt 0) FUNG 6.6 20n eteccnd-s yw cbs ageneew ie OGND to Voco 


Operating Conditions 


Temperature Range 
IT 1A ik ceadeneden vi eseeendaeiensaseyas 0°C to 70°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Voca = Vccp = Vcco = +5V: Vrs = 1.3V; Vat = 3.6V; Ta = 25°C, 
Unless Otherwise Specified 


BB 
[overeavetnstonva dT 
[eve reavenserinvin | 2 | | vo | 
[aero crentonn __-dvaxeew st ow | | | 
[ope mea Gwenn __—dvoxeew | | | om | 
OO 
ms | 


OE (Referenced to DGND) 


Logic Input Voltage Low, Vj, 
Logic Input Voltage High, Vjy 
Logic Input Current Low, |i Vit = 0.4V 


Logic Input Current High, |) Vin = 2.7V 


& 
@) 
O 
1S) 

< 


Vin (Referenced to AGND) 


Input Current Low, li Vin = 1.2V 


Input Current High, |) Vin = 3.5V 


Input Impedance, Zjj fin = 4.43MHz 


Input Capacitance, Cijy fin = 4.43MHz 


REFERENCE INPUT 


DS) 


Bottom Reference Range, Vag 
Top Reference Range, Vat 


Reference Range, Vrer (Vat - Vrs) 


_ 
oO 


Reference Current, IRer 


Le) 
N 
< 


Reference Ladder Resistance, R_ap 
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A/D CONVERTERS 


HIGH SPEED 


HI5714 


Electrical Specifications Voc, = Vocp = Veco = +5V; Vrp = 1.3V; Vat = 3.6V; Ta = 25°C, 
Unless Otherwise Specified (Continued) 


[Panaweren————=—=«[~—svesrconomon [ww | Tw [| wAX | uns 

oe SCSSSSCSCSCSY Sd re 

Peotomonervote vou «dio | | 

wore Cid CE 

Top Offset Voltage, Vor (Note 4) po -300 a ae 
_—- 


VoTtTc (Note 4) 480 yV/°C 


DIGITAL OUTPUTS (D0 to D7 and O/UF Referenced to OGND) 


Logic Output Voltage Low, Vo. lo=1mA 


lo =-0.4mA 


Logic Output Voltage High, Voy V¥ooo 


+ 
ye) 
(oe) 


Nh 
N 


Output Leakage Current, Ip 0.4V < Vout < Vcco 
SWITCHING CHARACTERISTICS (Notes 3, 4) See Figure 9 


Sample Rate, fo_k 


HI5714/7 75 MHz 
HI5714/6 M 
HI5714/4 


Clock Pulse Width High, topy 
Clock Pulse Width Low, tcp. 


ANALOG SIGNAL PROCESSING (fo. x = 40MHz) 


Differential Gain, DG (Notes 5, 8) 


\ 
. 


Differential Phase, DP (Notes 5, 8) 


% 
degree 


HARMONICS (fo, x = 75MHz) 


Analog Input Bandwidth (-3dB) 18 MHz 


Integral Linearity Error, INL (Note 6) 


fin = 4.43MHz 


fin = 7.5MHz 
fin = 4.43MHz 
fin = 7.5MHz 


he ae 
N | N 


+0.75 LSB 


EFFECTIVE NUMBER OF BITS 


ENOB 
HI5714/4 (fo_K = 40MHz) 


7.65 


HI5714/6 (fo. « = 60MHz) 7.65 


he. 7 
wn on 
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Electrical Specifications Voca = Vecp = Veco = +5V; Vrap = 1.3V; Vat = 3.6V; Ta = 25°C, 
Unless Otherwise Specified (Continued) 


ranneren—————«d|—resoowomion [ww [me | wax | owe 
Twarawe Ye | | 


Bit Error Rate, BER (Note 7) 10°11 Times/ 
Sample 


TIMING (foLK = 75MHz) See Figures 1, 2 


Output Delay Time, tp 


Output Enable Delay, tpzy Enable to High 14.6 


Output Enable Delay, tpz,_ Enable to Low 17.8 


Output Disable Delay, tpyz Disable from High 


Output Disable Delay, tp._z Disable from Low 


ad 
ba | 


Aperture Jitter, tay 
POWER SUPPLY CHARACTERISTICS 


Analog Power Supply Range, Voca 4.75 


Digital Power Supply Range, Vccp 4.75 
Output Power Supply Range, Vcco 4.75 


Total Supply Current 


= 
> 


Supply Current, loca 


= | 
> 


Supply Current, Iocp 


=, 
> 


Supply Current, Ioco 


Power Dissipation 375 


3 


oi 


NOTES: 
1. Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 
2. The supply voltages Voc, and Vccp may have any value between -0.3V and +6V as long as the difference Vcca - Vccp lies between 
-0.3V and +0.3V. 
3. In addition to a good layout of the digital and analog ground, it is recommended that the rise and fall times of the clock not be less than 1ns. 
4. Analog input voltages producing code 00 up to and including FF. 


Vop (Bottom Offset Voltage) is the difference between the analog input which produces data equal to 00 and the Bottom Reference 
Voltage (Vrp). 


Voptc (Bottom Offset Voltage Temperature Coefficient) is the variation of Vog with temperature. 


Vot (Top Offset Voltage) is the difference between the Top Reference Voltage (V_t) and the analog input which produces data output 
equal to FF. 


Vottc (Top Offset Voltage Temperature Coefficient) is the variation of Voy with temperature. 
. Input is standard 5 step video test signal. A 12-bit R reconstruct DAC and VM700 are used for measurement. 
. Full scale sinewave, fij = 4.43MHz. 
. foLK = 75MHzZ, fin = 4.43MHz, Vinx = +8 LSB at code 128, 50% Clock duty cycle. 
. Parameter is guaranteed by design, not production tested. 


oN OO 
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HIGH SPEED 


Timing Waveforms 


CLOCK 
INPUT 


ANALOG 
INPUT 


DATA (D0-D7) 
OUTPUTS 


OE 
INPUT 


DIGITAL 
OUTPUT 


DIGITAL 
OUTPUT 


HI5714 


FIGURE 1. INPUT-TO-OUTPUT TIMING 


4V 
1.4V 1.4V 


3.5V 


t 
tezH PHZ\——e| 3 


OV 


FIGURE 2. THREE-STATE TIMING CIRCUIT 
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Typical Performance Curves 


LSB 


0 
-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 
TEMPERATURE (°C) 


-1.0 
-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 
TEMPERATURE (°C) 


FIGURE 3. TOTAL I¢c vs TEMPERATURE FIGURE 4. INTEGRAL LINEARITY ERROR vs TEMPERATURE 


LSB 
OHMS 


-1.0 
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0 
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TEMPERATURE (°C) TEMPERATURE (°C) 
FIGURE 5. DIFFERENTIAL LINEARITY ERROR vs FIGURE 6. REFERENCE RESISTANCE vs TEMPERATURE 
TEMPERATURE 


mV 
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FIGURE 7. Vor vs TEMPERATURE 
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220 


FIGURE 8. Vog vs TEMPERATURE 


A/D CONVERTERS 
HIGH SPEED 


HI5714 


Pin Descriptions 


1,2, 12-15, DO to D7 Digital Outputs, DO (LSB) to D7 (MSB). 
23, 24 


| Vp | Bottom Reference Voltage Input. Range: 1.2V to 1.6V. 


VIN Analog Input. 


Top Reference Voltage Input. Range: 3.5V to 3.9V. 


Underflow/Overflow Digital Output. Goes high if the analog input goes above or below the 
reference (Vr_p, Vat) minus the offset. 
Clock Input. 
Digital GND. 
<a oo Digital +5V for Digital Output Stage. 
a Digital Ground for Digital Output Stage. 


@ 
@) 
Q 
x 


< 
D 
4 


Output Enable 
High: Digital outputs are three-stated. 
Low: Digital outputs are active. 


TABLE 1. A/D CODE TABLE 
(NOTE 1) BINARY OUTPUT CODE 
: INPUT VOLTAGE 
CODE Vat = 3.6V 
DESCRIPTION Vrs = 1.3V D7 


Oe A 


1. The voltages listed above represent the ideal transition of each output code shown as a function of the reference voltage, including the 
typical reference offset voltages. 


TABLE 2. MODE SELECTION 


High Impedance High Impedance 
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Detailed Description 


Theory of Operation 


The HI5714 design utilizes a folding and interpolating 
architecture. This architecture reduces the number of com- 
parators, reference taps, and latches, thereby reducing 
power requirements, die size and cost. 


A folding A/D converter operates basically like a 2 step 
subranging converter by using 2 lower resolution converters 
to do a course and subranged fine conversion. A more com- 
plete description is given in the application note “Using the 
HI5714 Evaluation Module” (AN9517). 


Reference Input, Vaz and Vag 


The HI5714 requires an external reference to be connected 
to pins 4 and 9, Vrp and Var. 


It is recommended that adequate high frequency decoupling 
be provided at the reference input pin in order to minimize 
overall converter noise. A 0.1.F and a 1nF capacitor as 
clase as possible to the reference pins work well. 


Vat must be kept within the range of 3.5V to 3.9V and Vag 
within 1.2V to 1.6V. If the reference voltages go outside their 
respective ranges, the input folding amplifiers may saturate 
giving erroneous digital data. The range for (Vpt - Vrp) is 
1.9V to 2.7V, which defines the analog input range. 


Digital Control and Clock Requirements 


The HI5714 provides a standard high-speed interface to 
external TTL logic families. 


The outputs can be three-stated by setting the OE input (pin 
22) high. 


The clock input operates at standard TTL levels as well as a low 
level sine wave around the threshold level. The HI5714 can oper- 
ate with clock frequencies from DC to 75MHz. The clock duty 
cycle should be 50% +10% to ensure rated performance. Duty 
cycle variation, within the specified range, has little effect on per- 
formance. Due to the clock speed it is important to remember 
that clock jitter will affect the quality of the digital output data. 


The clock can be stopped at any time and restarted at a later 
time. Once restarted the digital data will be valid at the 
second rising edge of the clock plus the data delay time. 


Digital Outputs and O/UF Output 


The digital outputs are standard TTL type outputs. The 
HI5714 can drive 1 to 3 TTL inputs depending on the input 
current requirements. 


Should the analog input exceed the top or bottom reference 
the over/underflow output (pin 11) will go high. Should the 
analog input exceed the top reference voltage, Vprt, the 
digital outputs will remain at all 1s until the analog input goes 
below Vprrt. Also, should the analog input go below the bot- 
tom reference voltage, Vrp, the digital outputs will remain at 
all Os until the analog input goes above Vprr. 


Analog Input 


The analog input will accept a voltage within the reference 
voltage levels, Vag and V_z, minus some offset. The offset is 
specified in the Electrical Specifications table. 


The analog input is relatively high impedance (10kQ) but 
should be driven from a low impedance source. The input 
Capacitance is low (14pF) and there is little kickback from the 
input, so a series resistance is not necessary but it may help 
to prevent the driving amplifier from oscillating. 


The input bandwidth is typically 18MHz. Exceeding 18MHz 
will result in sparkle at the digital outputs. The bandwidth 
remains constant at clock rates up to 75MHz. 


Supply and Ground Considerations 


In order to keep digital noise out of the analog signal path, 
the HI5714 has separate analog and digital supply and 
ground pins. The part should be mounted on a board that 
provides separate low impedance connections for the analog 
and digital supplies and grounds. 


The analog and digital grounds should be tied together at 
one point near the HI5714. The grounds can be connected 
directly, through an inductor (ferrite bead), or a low valued 
resistor. D@ND and AGND can be tied together. To help min- 
imize noise, tie pin 5 (NC) to AGND and pins 3 (NC) and 10 
(NC) to DGND. 


For best performance, the supplies to the HI5714 should be 
driven by clean, linear regulated supplies. The board should 
also have good high frequency leaded decoupling capacitors 
mounted as close as possible to the converter. Capacitor 
leads must be kept as short as possible (less than "fo inch 
total length). A 0.1u.F and a inF capacitor as close as possi- 
ble to the pin works well. Chip capacitors will provide better 
high frequency decoupling but leaded capacitors appear to 
be adequate. 


If the part is to be powered by a single supply, then the 
analog supply pins should be isolated by ferrite beads from 
the digital supply pins. This should help minimize noise on 
the analog power pins. 


Refer to Application Note AN9214, “Using Harris High Speed 
A/D Converters”, for additional considerations when using 
high speed converters. 


Increased Accuracy 


Further calibration of the ADC can be done to increase 
absolute level accuracy. First, a precision voltage equal to 
the ideal VIN.-s + 0.5 LSB is applied at Vij. Adjust Vag 
until the 0 to 1 transition occurs on the digital output. Next, a 
voltage equal to the ideal VIN, ¢s - 1.5 LSB is applied at Vij. 
Vrrt is then adjusted until the 254 to 255 transition occurs on 
the digital output. 


Applications 


Figures 3 and 4 show two possible circuit configurations, AC 
coupled with a DC restore circuit and DC coupled with a DC 
offset amplifier. 


Due to the high clock rate, FCT (TTL/CMOS) or FAST (TTL) 
glue logic should be used. FCT logic will tend to have large 
overshoots if not loaded. Long traces (>2 or 3 inches) should 
be terminated to maintain signal integrity. 
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+5VA 


+5VA 


HI5714 


HI5714 


YN A OS 


SAMPLE 
PULSE . 0.1 
+5VA 
10 10.1 
5 
az 
\/ — 
FIGURE 9. TYPICAL AC COUPLED INPUT WITH DC RESTORE 
HI5714 
0.1 
OFFSET en 10 


FIGURE 10. TYPICAL DC COUPLED INPUT 


ICL8069 


HA5020 (Single) _HI5714 (8-Bit) HSP9501 HI1171 (8-Bit) HA5020 (Single) 
HA5022 (Dual) HSP48410 CA3338 (8-Bit) HA2842 (Single) 
HA5024 (Quad) HSP48908 HI5721 tel HFA1115 (Single) 
HA5013 (Triple) HSP48901 HI3050 (10-Bit HFA1212 (Dual) 
HFA1105 (Single) HSP48212 HFA1412 (Quad) 
HFA1205 (Dual) HSP43881 

HFA1405 (Quad) HSP43168 


HSP9501: Programmable Data Buffer 

HSP48410: Histogrammer/accumulating Buffer, 10-Bit Pixel Resolution, 4K x 4K Frame Size 
HSP48908: 2-D Convolver, 3 x 3 Kernal Convolution, 8-Bit 

HSP48901: 3 x 3 Image Filter, 30MHz, 8-Bit 

HSP48212: Video Mixer 

HSP43881: Digital Filter, 30MHz, 1-D and 2-D Fir Filters 

HSP43168: Dual Fir Filter, 10-Bit, 33/45MHz 


CMOS Logic Available in FCT 
FIGURE 11. 8-BIT VIDEO COMPONENTS 
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Timing Definitions 


Aperture Delay: Aperture delay is the time delay between 
the external sample command (the rising edge of the clock) 
and the time at which the signal is actually sampled. This 
delay is due to internal clock path propagation delays. 


Aperture Jitter: This is the RMS variation in the aperture 
delay due to variation of internal clock path delays. 


Data Latency 


After the analog sample is taken, the data on the bus is out- 
put at the next rising edge of the clock. This is due to the out- 
put latch of the converter. This delay is specified as the data 
latency. After the data latency time, the data representing 
each succeeding sample is output at the following clock 
pulse. The digital data lags the analog input by 1 cycle. 


Static Performance Definitions 


Offset Error and Full-Scale Error use a measured value of 
the external voltage reference to determine the ideal plus 
and minus full-scale values. The results are all displayed in 
LSBs. 


Bottom Offset Voltage (Vos) 


The first code transition should occur at a level 0.5 LSB 
above the negative full-scale. Bottom offset voltage is 
defined as the deviation of the actual code transition from 
this point. 


Top Offset Voltage (Vor) 


The last code transition should occur for a analog input that 
is 1.5 LSBs below positive full-scale. Top Offset Voltage is 
defined as the deviation of the actual code transition from 
this point. 


Differential Linearity Error (DNL) 


DNL is the worst case deviation of a code width from the 
ideal value of 1 LSB. The converter is guaranteed to have no 
missing codes. 


Integral Linearity Error (INL) 


INL is the worst case deviation of a code center from a best 
fit straight line calculated from the measured data. 


Dynamic Performance Definitions 


Fast Fourier Transform (FFT) techniques are used to evalu- 
ate the dynamic performance of the HI5714. A low distortion 
sine wave is applied to the input, it is sampled, and the out- 
put is stored in RAM. The data is then transformed into the 
frequency domain with a 2048 point FFT and analyzed to 
evaluate the dynamic performance of the A/D. The sine wave 
input to the part is 0.5dB down from full scale for these tests. 
The distortion numbers are quoted in dBc (decibels with 
respect to carrier) and DO NOT include any correction fac- 
tors for normalizing to full scale. 


Signal-to-Noise Ratio (SNR) 


SNR is the measured RMS signal to RMS noise at a speci- 
fied input and sampling frequency. The noise is the RMS 
sum of all of the spectral components except the fundamen- 
tal and the first five harmonics. 


Signal-to-Noise + Distortion Ratio (SINAD) 


SINAD is the measured RMS signal to RMS sum of all other 
spectral components below the Nyquist frequency excluding 
DC. 


Effective Number Of Bits (ENOB) 


The effective number of bits (ENOB) is derived from the 
SINAD data. ENOB is calculated from: 


ENOB = (SINAD - 1.76) / 6.02 
2nd and 3rd Harmonic Distortion 


This is the ratio of the RMS value of the 2nd and 3rd 
harmonic component respectively to the RMS value of the 
measured input signal. 


Full Power input Bandwidth 


Full power bandwidth is the frequency at which the ampli- 
tude of the digitally reconstructed output has decreased 3dB 
below the amplitude of the input sine wave. The input sine 
wave has a peak-to-peak amplitude equal to the difference 
between the top reference voltage input and the bottom ref- 
erence voltage input. The bandwidth given is measured at 
the specified sampling frequency. 
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Die Characteristics 


DIE DIMENSIONS: 


134 mils x 134 mils x 19 mils +1 mil 


HI5714 


WORST CASE CURRENT DENSITY: 
1.6 x 104 A/cm? 


METALLIZATION: TRANSISTOR COUNT: 
Type: AlSiCu 3714 
Thickness: M1 - 8kA, M2 - 17kA 
DIE ATTACH: 


SUBSTRATE POTENTIAL (Powered Up): 


GND (0.0V) 


PASSIVATION: 
Type: 


Silver Filled Epoxy 


Sandwich Passivation* 


Undoped Silicon Glass (USG) + Nitride 
Thickness: USG - gkA, Nitride - 4.2kA 


Total 12.2kA + 2kA 


Metallization Mask Layout 


VrB 


AGND 


Vcca 


VIN 


VAT 
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Gy FARRIS 


HI5746 


August 1997 10-Bit, 40 MSPS A/D Converter 


Features Description 


Sampling Rate The HI5746 is a monolithic, 10-bit, analog-to-digital 

, : converter fabricated in a CMOS process. It is designed for 

6.6 Bits at fy = 1OMMz high speed applications where wide bandwidth and low 

Low Power at 40 MSPS power consumption are essential. Its 40 MSPS speed is 

; made possible by a fully differential pipelined architecture 
Wide Full Power Input Bandwidth 


with an internal sample and hold. 
On-Chip Sample and Hold The HI5746 has excellent dynamic performance while 
Fully Differential or Single-Ended Analog Input consuming only 225mW power at 40 MSPS. Data output 
latches are provided which present valid data to the output 
bus with a latency of 7 clock cycles. It is pin-for-pin 
TTL/CMOS Compatible Digital Inputs functionally compatible with the HI5702 and the HI5703. 


CMOS Compatible Digital Outputs 3.0/5.0 or internal voltage reference, please refer to the HI5767 
data sheet. 


Single Supply Voltage 


Offset Binary or Two’s Complement Output Format . ; 
Ordering Information 


Applications 
PART TEMP. 
¢ Professional Video Digitizing NUMBER RANGE (°C) 
¢ Medical Imaging HI5746KCB 28 Ld SOIC (W) 


¢ High Speed Data Acquisition 


Pinout 


HIGH SPEED 


HI5746 
(SOIC) 
TOP VIEW 


A/D CONVERTERS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 41 29.2 
Copyright © Harris Corporation 1997 4-323 


Functional Block Diagram 


TT] 


<j 


AVcc AGND DVcci 


STAGE 1 


STAGE 8 


STAGE 9 


DGND1 


HI5746 


VreFt+ Vrer- (OPTIONAL) 
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DIGITAL DELAY 
AND 


DIGITAL ERROR 
CORRECTION 


» DFS 


> DO (LSB) 


® DGND2 


HI5746 


Typical Application Schematic 


2.5V 
2.0V 
(OPTIONAL) 
AGND (12) 
ae 
AGND (6) DGND AGND BNC 
V Le % (e) 
10uF AND 0.1,F CAPS 
Vint Vy (05 Vint (9) (1) DVec ARE PLACED AS CLOSE 
Voc (11) (3) DVcey TO PART AS POSSIBLE 
Vin-wS ¥ (05 Vin- (10) (23) DVece : +5V 
- 0.1,F bik OuF 
clock “L, (0 CLK (22) (13) AVec = = 
1] DFS (15) (5) AVcc +5V 


+ 
OE (14) 7 cid 


Pin Descriptions 


DESCRIPTION 


wae [8sonron 
oe 
ee 
ie 


Data Format Select Input. 


as 
[o>] 


Data Bit 9 Output (MSB). 


mai 
N 


Data Bit 8 Output. 


—_ 


Data Bit 7 Output. 


= 
© 


Data Bit 6 Output. 
Data Bit 5 Output. 


DGND2 Digital Ground. 


+2.5V Positive Reference Voltage 
Input. 
VREF- +2.0V Negative Reference Voltage 
Input (Optional). 


CLK Sample Clock Input. 
Digital Output Supply 


(+3.0V or +5.0V). 


DVcce2 


Data Bit 4 Output. 
Data Bit 3 Output. 


Data Bit 2 Output. 


ae) 


Data Bit 1 Output. 
1 


Ww 


ed 


Data Bit 0 Output (LSB). 


_— 
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< 
D 
m 
mn 

abs 
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HIGH SPEED 


HI5746 


Absolute Maximum Ratings Tj = 25°C 


Supply Voltage, AVoc or DVcc to AGND or DGND........... 6V 
DGND WAGND 2 é.cuscsntva snus anon eevnaexesnaeedatenws 0.3V 
Bn FO PUG sce ntaucdenndan 000d Veta Ks DGND to DVcc 
Praeg VO PINS: ci cscccnsedercaecdnsrerncens AGND to AVcc 


Operating Conditions 


Temperature Range 
FS TSCRCE (TD) «sco caacnccveccabvevedansea 0°C to 70°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) By (°C/W) 
SOM PAORAIEs 1546 kere weed edpedasic anes eae 70 
Maximum Junction Temperature. ........... 0. eee wees 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. 8ya is Measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications AVcc = DVccq = 5.0V; DVcco = 3.0V, Vrer+ = 2.5V; VRer- = 2.0V; fg = 40 MSPS at 50% Duty Cycle; 
C, = 10pF; Ta = 25°C; Differential Analog Input; Typical Values are Test Results at 25°C, 


Unless Otherwise Specified 


Integral Linearity Error, INL fin = DC 


Differential Linearity Error, DNL fin = DC 
(Guaranteed No Missing Codes) 


Offset Error, Vos fin = DC 
Full Scale Error, FSE fin = DC 


DYNAMIC CHARACTERISTICS 


Effective Number of Bits, ENOB 


Signal to Noise and Distortion Ratio, SINAD 


_ RMS Signal 
~ RMS Noise + Distortion 


fin = 10MHz 


Signal to Noise Ratio, SNR 
_ RMS Signal 
~ RMS Noise 


Total Harmonic Distortion, THD fin = 10MHz 


3rd Harmonic Distortion fin = 10MHz 


Over-Voltage Recovery 


PARAMETER TEST CONDITIONS | min | TYP | MAX | UNITS 
ACCURACY 


OS 
fnnoe | | 
wer ee 


Minimum Conversion Rate No Missing Codes 
Maximum Conversion Rate No Missing Codes 
fin = 10MHz 


fin = 10MHz 


2nd Harmonic Distortion fin = 10MHz 


fs = 17.72 MSPS, 6 Step, Mod Ramp 


0.2V Overdrive (Note 2) 


1 MSPS 
4 MSPS 
8. Bits 
53 
53 


0 

55 
a 
2 


-64.6 dB 


-67.8 


0.5 
8.8 
54.9 
55.4 
67.8 
64 


dB 
dBc 


d 


ies) 


Cc 


d 


W 


Cc 


Degree 
Cycle 


Cycle 


=o 
ro) ro) ies) 
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Electrical Specifications AVcc = DV¢c; = 5.0V; DVcca = 3.0V, Vraer+ = 2.5V; Vaer- = 2.0V; fg = 40 MSPS at 50% Duty Cycle; 
C. = 10pF; Ta = 25°C; Differential Analog Input; Typical Values are Test Results at 25°C, 
Unless Otherwise Specified (Continued) 


PARAMETER TEST CONDITIONS | MIN | TYP | MAX | UNITS 


ANALOG INPUT 


Maximum Peak-to-Peak Differential Analog Input +0.5 V 
Range (Vin+ - Vin-) 

Maximum Peak-to-Peak Single-Ended 

Analog Input Range 


V 
Analog Input Resistance, Rij (Note 3) MQ 


Analog Input Capacitance, Cijy 


Analog Input Bias Current, Ig+ or Ip- (Note 3) 


Differential Analog Input Bias Current (Note 3) 
IBDIFF = (IBt+ - IB-) 


1 
10 
+0.5 


+ 
4. 
oO 


Full Power Input Bandwidth, FPBW MH 


N 


Analog Input Common Mode Voltage Range Differential Mode (Note 2) 
(Vint + Vin-)/2 


4.75 


REFERENCE INPUT 


Total Reference Resistance, Ri Vreft+ to AGND 


Positive Reference Current, IREF+ 


Negative Reference Current, IReF - 


Positive Reference Voltage Input, VagF+ (Note 2) 


Negative Reference Voltage Input, Vrer- (Note 2) 


a 
Wu 
uu 
O.. 
Oo 
= 
9 
= 


Reference Common Mode Voltage (Note 2) 
(VReFt + VReEF-)/2 


A/D CONVERTERS 


_ Nh 
o}] a 
“N A 


DC BIAS VOLTAGE 


DC Bias Voltage Output, Voc 


Maximum Output Current 


EE 


DIGITAL INPUTS 


ie) 
nh 


BEUEE 


Input Logic High Voltage, Vjy CLK, DFS, OE 


Input Logic Low Voltage, Vj,_ CLK, DFS, OE 


Input Logic High Current, !)4 CLK, DFS, OE, Vip = 5V -10.0 +10.0 


Input Logic Low Current, I), CLK, DFS, OE, Vj, = OV +10.0 


Input Capacitance, Cijy 


DIGITAL OUTPUTS 


Output Logic High Voltage, Voy IOH = 100A; DVcco = 5V 
Output Logic Low Voltage, Vo lo. = 100nA; DVcco = 5V 
Output Three-State Leakage Current, loz Vo = 0/5V; DVcce = 5V 


Output Logic High Voltage, Voy Ion = 100A; DVcco = 3V 2.4 


+ +10 
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Electrical Specifications AVcc = DVc¢c; = 5.0V; DVcco = 3.0V, Vrert = 2.5V; VReF- = 2.0V; fg = 40 MSPS at 50% Duty Cycle; 
C, = 10pF; Ta = 25°C; Differential Analog Input; Typical Values are Test Results at 25°C, 
Unless Otherwise Specified (Continued) 


PARAMETER TEST CONDITIONS | MIN | TYP | MAX UNITS 


Output Logic Low Voltage, Vo. lo. = 100A; DVcco = 3V V 


+10 


H- 
—_ 


= E 
8 5 


5 


Output Three-State Leakage Current, loz Vo = 0/5V; DVcce2 = 3V 


Output Capacitance, Court 0 F 


TIMING CHARACTERISTICS 


Aperture Delay, tap 


Aperture Jitter, tay 
Data Output Hold, ty 


Data Output Delay, top 


Data Output Enable Time, tey 
Data Output Enable Time tpis 


Data Latency, tLaT For a Valid Sample (Note 2) 7 Cycles 


Power-Up Initialization Data Invalid Time (Note 2) Cycles 


POWER SUPPLY CHARACTERISTICS 


Analog Supply Votage, AVC ae 
Digital Supply Votlage DV es 
Digital Output Supply Voltage, DV¢cz ne 


4.75 
4.75 
2.7 
At 5.0V 4.75 
= “0” 
= “0” 
= “0” 
= “0” 
= “0” 


od 
wo 


> 


Analog Supply Current, Alco fin = 10MHz and DFS 


Total Supply Current, loc fin = 10MHz and DFS = 
Digital Supply Current, Dicc fin = 10MHz and DFS 


raasavewenics 
seri Saws Neo 
: 


NOTES: 
2. Parameter guaranteed by design or characterization and not production tested. 
3. With the clock low and DC input. 
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Timing Waveforms 


ANALOG 
INPUT 


CLOCK 
INPUT SN-1\HN-1f7 SN Hy ~Sn+1\HNs1 7 Sn+2 Sn+5\HNs5 fSn+6\HN+697SN47\HN+77SN48 VHNG8 


2ND 


9TH B 


DATA “) 
ourpuT i Gi Cr? =» 4 i a 
he Ww 
|< tay. ———________________-+| i > 
> vW”) 
NOTES: Ss so 
4. Sy: N-th sampling period. OQ © 
5. Hn: N-th holding period. S 


6. By, n: M-th stage digital output corresponding to N-th sampled input. 
7. Dy: Final data output corresponding to N-th sampled input. 


FIGURE 1. HI5746 INTERNAL CIRCUIT TIMING 


ANALOG 
INPUT 
—>| tap [ome 
>| tas|=— 
I 
CLOCK 
INPUT 1.5V 1.5V 
| 
| 
' <i top ae 
| ' I 
—>. ty Tr 
2.4V 
DATA DATA N - 4 DATA N 


OUTPUT 0.5V 


FIGURE 2. INPUT-TO OUTPUT TIMING 
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Typical Performance Curves 


ENOB (BITS) 


INPUT FREQUENCY (MHz) 


FIGURE 3. EFFECTIVE NUMBER OF BITS (ENOB) vs INPUT 
FREQUENCY 


100 


INPUT ae (MHz) 


NOTE: SFDR depicted here does not include any harmonic distortion. 
FIGURE 5. -2HD, -3HD, -THD AND SFDR vs INPUT FREQUENCY 


ENOB (BITS) 
oe 


5 50 60 65 70 


DUTY CYCLE (%, Ty/TcLk) 


FIGURE 7. EFFECTIVE NUMBER OF BITS (ENOB) vs SAMPLE 
CLOCK DUTY CYCLE 


57 


eros, Il 
Nl 
UAE LLIN 


52 


INPUT FREQUENCY (MHz) 


FIGURE 4. SINAD AND SNR vs INPUT FREQUENCY 


fs = 40 MSPS, fy = 10MHz, Ta = 25°C 


ENOB (BITS) 


INPUT LEVEL (dBFS) 


FIGURE 6. EFFECTIVE NUMBER OF BITS (ENOB) vs ANALOG 
INPUT LEVEL 


fs = 40 MSPS, fy = 10MHz, Ta = 25°C 
Vrer+ - Vrer- = 0.5V 


ENOB (BITS) 


2.25 23 2.35 2.4 245 25 255 26 265 2.7 2.75 
VreF+ (V) 


FIGURE 8. EFFECTIVE NUMBER OF BITS (ENOB) vs Vper+ 
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Typical Performance Curves (Continued) 


fs = 40 MSPS, fin = 10MHz 
Vrert - VrRer- = 0.5V, Ta = 25°C 


2.25 23 235 24 245 25 255 26 265 2.7 2.75 
VreF+ (V) 


FIGURE 9. SINAD AND SNR vs Vper+ 


ENOB (BITS) 


2.25 23 235 24 245 25 2.55 2.6 265 2.7 2.75 
Vrer+ (V) 


FIGURE 11. EFFECTIVE NUMBER OF BITS (ENOB) vs VpeF+ 
(Vaer- NOT DRIVEN) 


= 40 MSPS, fiy = 10MHz 
Ta = 25°C 


2.25 23 235 24 245 25 255 2.6 265 2.7 2.75 
Vrert (V) 


FIGURE 13. -2HD, -3HD, -THD AND SFDR vs Vagr+ 
(Vaer- NOT DRIVEN) 


leet | [| 
Ter | 
Sa! RE 
—_———,_ 


lool | 
as 
Ez 


75 


70 


dB 


65 


60 


fs = 40 MSPS, fin = 10MHz 
Vrert - Vrer- = 0.5V, Ta = 25°C 


55 

2.25 23 235 24 245 25 255 2.6 2.65 2.7 2.75 
VreF+ (V) 

NOTE: SFDR depicted here does not include any harmonic distortion. 


FIGURE 10. -2HD, -3HD, -THD AND SFDR vs Vper+ 


2.25 23 235 24 245 25 255 26 265 2.7 2.75 
VrerF+ (V) 


FIGURE 12. SINAD AND SNR vs Vpgr+ (Vper- NOT DRIVEN) 


ENOB (BITS) 


fs = 40 MSPS, Ta = 25°C 
DIFFERENTIAL ANALOG INPUT 


1.75 2.25 2.75 3.25 3.75 425 4.75 
Vem (V) 


0.25 0.75 1.25 


FIGURE 14. EFFECTIVE NUMBER OF BITS (ENOB) vs ANALOG 
INPUT COMMON MODE VOLTAGE 
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Typical Performance Curves (Continued) 


TEMPERATURE (°C) 


FIGURE 15. TOTAL SUPPLY CURRENT vs TEMPERATURE 


ees: ees on 
Pf ft _ al 


-40 -20 0 20 40 60 80 
TEMPERATURE (°C) 


FIGURE 17. REFERENCE CURRENT vs TEMPERATURE 


DP (DEGREES) 


TEMPERATURE (°C) 


FIGURE 19. DIFFERENTIAL GAIN/PHASE vs TEMPERATURE 


1MHz < fy < 15MHz, Ta = 25°C 


40 


if) 
So 


MY. 


SUPPLY CURRENT (mA) 
nN 
° 


LA 


fs (MSPS) 


FIGURE 16. SUPPLY CURRENT vs SAMPLE CLOCK 
FREQUENCY 


top (ns) 


TEMPERATURE (°C) 


FIGURE 18. DATA OUTPUT DELAY vs TEMPERATURE 


0.2 
m | 


DG (%) 
So 


a 
DP (DEGREES) 


= 
_ 


fs = 17.72 MSPS 
AVco/DV cc) = 5V +5%, Ta = 25°C 


2.75 3.00 3.25 3.50 3.75 4.00 4.25 4.50 4.75 5.00 5.25 
DVcc2 (V) 


FIGURE 20. DIFFERENTIAL GAIN/PHASE vs SUPPLY VOLTAGE 
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Typical Performance Curves (Continued) 


Voc (V) 


-40 -20 0 20 40 60 80 
TEMPERATURE (°C) 


FIGURE 21. DC BIAS VOLTAGE (Vpc) vs TEMPERATURE 


20 fs = 40 MSPS 


& 


-80 if told tl ey lad] Thi 
i ererpr et 
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Le Rae De OG) ee Te oe 
0 512 1023 
FREQUENCY BIN 


FIGURE 23. 2048 POINT FFT PLOT 


ENOB (BITS) 


TEMPERATURE (°C) 


FIGURE 22. EFFECTIVE NUMBER OF BITS F(ENOB) vs TEM- 
PERATURE 


fin = 10MHz 
fs = 


ir 
ALTE RCOPe TRE py 


. 2 —Fo23 
FREQUENCY BIN 


FIGURE 24. 2048 POINT FFT SPECTRAL PLOT 


Detailed Description 
Theory of Operation 


The HI5746 is a 10-bit fully differential sampling pipeline A/D 
converter with digital error correction logic. Figure 25 depicts 
the circuit for the front end differential-in-differential-out 
sample-and-hold (S/H). The switches are controlled by an 
internal sampling clock which is a non-overlapping two phase 
signal, 6, and $2, derived from the master sampling clock. 
During the sampling phase, 1, the input signal is applied to 
the sampling capacitors, Cs. At the same time the holding 
capacitors, Cy, are discharged to analog ground. At the falling 
edge of , the input signal is sampled on the bottom plates of 
the sampling capacitors. In the next clock phase, $2, the two 
bottom plates of the sampling capacitors are connected 
together and the holding capacitors are switched to the op- 
amp output nodes. The charge then redistributes between Cs 
and Cy completing one sample-and-hold cycle. The front end 
sample-and-hold output is a fully-differential, sampled-data 
representation of the analog input. The circuit not only per- 
forms the sample-and-hold function but will also convert a sin- 
gle-ended input to a fully-differential output for the converter 
core. During the sampling phase, the Vij pins see only the 


on-resistance of a switch and Cs. The relatively small values 
of these components result in a typical full power input band- 
width of 250MHz for the converter. 


VouT+ 


VouT- 


FIGURE 25. ANALOG INPUT SAMPLE-AND-HOLD 


As illustrated in the functional block diagram and the timing 
diagram in Figure 1, eight identical pipeline subconverter 
stages, each containing a two-bit flash converter and a 
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two-bit multiplying digital-to-analog converter, follow the S/H 
circuit with the ninth stage being a two bit flash converter. 
Each converter stage in the pipeline will be sampling in one 
phase and amplifying in the other clock phase. Each individ- 
ual subconverter clock signal is offset by 180 degrees from 
the previous stage clock signal resulting in alternate stages 
in the pipeline performing the same operation. 


The output of each of the eight identical two-bit subconverter 
stages is a two-bit digital word containing a supplementary 
bit to be used by the digital error correction logic. The output 
of each subconverter stage is input to a digital delay line 
which is controlled by the internal sampling clock. The func- 
tion of the digital delay line is to time align the digital outputs 
of the eight identical two-bit subconverter stages with the 
corresponding output of the ninth stage flash converter 
before applying the eighteen bit result to the digital error 
correction logic. The digital error correction logic uses the 
supplementary bits to correct any error that may exist before 
generating the final ten bit digital data output of the 
converter. 


Because of the pipeline nature of this converter, the digital 
data representing an analog input sample is output to the 
digital data bus on the 7th cycle of the clock after the analog 
sample is taken. This time delay is specified as the data 
latency. After the data latency time, the digital data repre- 
senting each succeeding analog sample is output during the 
following clock cycle. The digital output data is synchronized 
to the external sampling clock by a double buffered latching 
technique. The output of the digital error correction circuit is 
available in two’s complement or offset binary format 
depending on the state of the Data Format Select (DFS) 
control input (see Table 1, A/D Code Table). 


Reference Voltage Inputs, Vaer- and Vrert+ 


The HI5746 is designed to accept two external reference 
voltage sources at the Vref input pins. Typical operation of 
the converter requires Vper+ to be set at +2.5V and Vpe_r- to 
be set at 2.0V. However, it should be noted that the input 
structure of the Vaer+ and Vpr_r- input pins consists of a 
resistive voltage divider with one resistor of the divider (nomi- 
nally 5002) connected between Vrer+ and Vrer- and the 
other resistor of the divider (nominally 2000Q) connected 
between Vr_erf- and analog ground. This allows the user the 
option of supplying only the +2.5V Vrer+ voltage reference 
with the +2.0V Vpr_er- being generated internally by the 
voltage division action of the input structure. 


The HI5746 is tested with Vagr- equal to +2.0V and Vrarr+ 
equal to +2.5V yielding a fully differential analog input voltage 
range of +0.5V. Vaer+ and Vr_er- can differ from the above 
voltages (see the Typical Performance Curves, Figure 8 
through Figure 13). 


In order to minimize overall converter noise it is recommended 
that adequate high frequency decoupling be provided at both 
of the reference voltage input pins, Vagr+ and Vper-. 


Analog Input, Differential Connection 


The analog input to the HI5746 is a differential input that can 
be configured in various ways depending on the signal 


source and the required level of performance. A fully 
differential connection (Figure 26 and Figure 27) will give the 
best performance for the converter. 


vn MY — 
tH 


Vn ofi— 


FIGURE 26. AC COUPLED DIFFERENTIAL INPUT 


Since the HI5746 is powered by a single +5V analog supply, 
the analog input is limited to be between ground and +5V. 
For the differential input connection this implies the analog 
input common mode voltage can range from 0.25V to 4.75V. 
The performance of the ADC does not change significantly 
with the value of the analog input common mode voltage. 


A DC voltage source, Voc, equal to 3.2V (typical), is made 
available to the user to help simplify circuit design when using 
an AC coupled differential input. This low output impedance 
voltage source is not designed to be a reference but makes an 
excellent DC bias source and stays well within the analog 
input common mode voltage range over temperature (see the 
Typical Performance Curves, Figure 21). 


For the AC coupled differential input (Figure 26) assume 
the difference between Vp_f+, typically 2.5V, and Vper-, 
typically 2.0V, is 0.5V. Full scale is achieved when the Vin 
and -Viny input signals are 0.5Vp.p, with -Vjjy being 
180 degrees out of phase with Vjjy. The converter will be 
at positive full scale when the Vjijy+ input is at 
Voc + 0.25V and the Vjy- input is at Voco - 0.25V (Vine - 
Vin- = +0.5V). Conversely, the converter will be at nega- 
tive fullscale when the Vjj+ input is equal to Voc - 0.25V 
and Vin- is at Voc + 0.25V (Vint - Vin- = -0.5V). 


The analog input can be DC coupled (Figure 27) as long as 
the inputs are within the analog input common mode voltage 
range (0.25V < VDC < 4.75V). 


vbc 


FIGURE 27. DC COUPLED DIFFERENTIAL INPUT 


The resistors, R, in Figure 27 are not absolutely necessary 
but may be used as load setting resistors. A capacitor, C, 
connected from Vijj+ to Vix- will help filter any high fre- 
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quency noise on the inputs, also improving performance. 
Values around 20pF are sufficient and can be used on AC 
coupled inputs as well. Note, however, that the value of 
capacitor C chosen must take into account the highest 
frequency component of the analog input signal. 


Analog Input, Single-Ended Connection 


The configuration shown in Figure 28 may be used with a 
single ended AC coupled input. 


Vint 


Wht'y—— 


vpc HI5746 


VIN" 


FIGURE 28. AC COUPLED SINGLE ENDED INPUT 


Again, assume the difference between Vpef+, typically 
2.5V, and Vr_er-, typically 2V, is 0.5V. If Vin, is a 1Vp_p sine- 
wave, then Viy+ is a 1Vp.p sinewave riding on a positive 
voltage equal to VDC. The converter will be at positive full 
scale when Viy+ is at VDC + 0.5V (Vin+ - Vin- = +0.5V) 
and will be at negative full scale when Vijy+ is equal to 
VDC - 0.5V (Vint - Vin- = -0.5V). Sufficient headroom must 
be provided such that the input voltage never goes above 
+5V or below AGND. In this case, VDC could range between 
0.5V and 4.5V without a significant change in ADC perfor- 
mance. The simplest way to produce VDC is to use the DC 
bias source, Vpc, output of the HI5746. 


The single ended analog input can be DC coupled 
(Figure 27) as long as the input is within the analog input 
common mode voltage range. 


VIN 
voc 


vpbc 


FIGURE 29. DC COUPLED SINGLE ENDED INPUT 


The resistor, R, in Figure 29 is not absolutely necessary but 
may be used as a load setting resistor. A capacitor, C, 
connected from Viy+ to Vin- will help filter any high fre- 
quency noise on the inputs, also improving performance. 
Values around 20pF are sufficient and can be used on AC 
coupled inputs as well. Note, however, that the value of 
capacitor C chosen must take into account the highest 
frequency component of the analog input signal. 


A single ended source may give better overall system 
performance if it is first converted to differential before 
driving the HI5746. 


Digital Output Control and Clock Requirements 


The HI5746 provides a standard high-speed interface to 
external TTL logic families. 


In order to ensure rated performance of the HI5746, the duty 
cycle of the clock should be held at 50% +5%. It must also 
have low jitter and operate at standard TTL levels. 


Performance of the HI5746 will only be guaranteed at 
conversion rates above 1 MSPS. This ensures proper perfor- 
mance of the internal dynamic circuits. Similarly, when 
power is first applied to the converter, a maximum of 20 
cycles at a sample rate above 1 MSPS will have to be 
performed before valid data is available. 


A Data Format Select (DFS) pin is provided which will deter- 
mine the format of the digital data outputs. When at logic 
low, the data will be output in offset binary format. When at 
logic high, the data will be output in two’s complement for- 
mat. Refer to Table 1 for further information. 


The output enable pin, OE, when pulled high will three-state 
the digital outputs to a high impedance state. Set the OE 
input to logic low for normal operation. 


OE INPUT DIGITAL DATA OUTPUTS 
a 


Supply and Ground Considerations 


The HI5746 has separate analog and digital supply and ground 
pins to keep digital noise out of the analog signal path. The 
digital data outputs also have a separate supply pin, DVcco, 
which can be powered from a 3V or 5V supply. This allows the 
outputs to interface with 3V logic if so desired. 
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TABLE 1. A/D CODE TABLE 


DIFFERENTIAL 


INPUT 
CODE CENTER VOLTAGE 
DESCRIPTION (Vin+ - Vin-) 


-FS -FS+15/4LSB | -FS+15/4LSB | LSB -0. | -0.4ge201v | 


NOTES: 


OFFSET BINARY OUTPUT CODE TWO’S COMPLEMENT OUTPUT CODE 
(DFS LOW) (DFS HIGH) 
D 
7 a 
+Full Scale (+FS) 0.499756V 1 
-'/4 LSB 


+FS - 11/4 LSB 0.498779V Styatpatatatay a 
qs rszazaw | 1 [olo}olololo}olo 
“igs8 244.14 1KV EE at 


Full Scale (-FS) + -0. me 
3/, LSB 


L L 
S S 
B B 


BODREaoo 


8. The voltages listed above represent the ideal center of each output code shown as a function of the reference differential voltage, 


(VreF + - VReF-) = 0.5V. 
9. Vrert+ = 2.5V and Vr_er- = 2V. 


The part should be mounted on a board that provides sepa- 
rate low impedance connections for the analog and digital 
supplies and grounds. For best performance, the supplies to 
the HI5746 should be driven by clean, linear regulated sup- 
plies. The board should also have good high frequency 
decoupling capacitors mounted as close as possible to the 
converter. If the part is powered off a single supply then the 
analog supply and ground pins should be isolated by ferrite 
beads from the digital supply and ground pins. 


Refer to the application note “Using Harris High Speed A/D 
Converters” (AN9214) for additional considerations when 
using high speed converters. 


Static Performance Definitions 


Offset Error (Vos) 


The midscale code transition should occur at a level "4 LSB 
above half-scale. Offset is defined as the deviation of the 
actual code transition from this point. 


Full-Scale Error (FSE) 


The last code transition should occur for an analog input that 
is 3/4 LSB below positive Full scale (+FS) with the offset 
error removed. Fullscale error is defined as the deviation of 
the actual code transition from this point. 


Differential Linearity Error (DNL) 


DNL is the worst case deviation of a code width from the 
ideal value of 1 LSB. 


Integral Linearity Error (INL) 


INL is the worst case deviation of a code center from a best 
fit straight line calculated from the measured data. 


Power Supply Sensitivity 


Each of the power supplies are moved plus and minus 5% and 
the shift in the offset and full scale error (in LSBs) is noted. 


Dynamic Performance Definitions 


Fast Fourier Transform (FFT) techniques are used to evaluate 
the dynamic performance of the HI5746. A low distortion sine 
wave is applied to the input, it is coherently sampled, and the 
output is stored in RAM. The data is then transformed into the 
frequency domain with an FFT and analyzed to evaluate the 
dynamic performance of the A/D. The sine wave input to the 
part is -0.5dB down from Fullscale for all these tests. 


SNR and SINAD are quoted in dB. The distortion numbers 
are quoted in dBc (decibels with respect to carrier) and DO 
NOT include any correction factors for normalizing to full 
scale. 


Effective Number Of Bits (ENOB) 

The effective number of bits (ENOB) is calculated from the 
SINAD data by: 

ENOB = (SINAD - 1.76 + Voorp) / 6.02, 

where: Vcorr = 0.5 GB. 


VcorrR adjusts the SINAD, and hence the ENOB, for the 
amount the analog input signal is below fullscale. 
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Signal To Noise and Distortion Ratio (SINAD) 


SINAD is the ratio of the measured RMS signal to RMS sum of 
all the other spectral components below the Nyquist frequency, 
fs/2, excluding DC. 


Signal To Noise Ratio (SNR) 


SNR is the ratio of the measured RMS signal to RMS noise at 
a specified input and sampling frequency. The noise is the 
RMS sum of all of the spectral components below fs/2 
excluding the fundamental, the first five harmonics and DC. 


Total Harmonic Distortion (THD) 


THD is the ratio of the RMS sum of the first 5 harmonic com- 
ponents to the RMS value of the fundamental input signal. 


2nd and 3rd Harmonic Distortion 


This is the ratio of the RMS value of the applicable harmonic 
component to the RMS value of the fundamental input signal. 


Spurious Free Dynamic Range (SFDR) 


SFDR is the ratio of the fundamental RMS amplitude to the 
RMS amplitude of the next largest spectral component in the 
spectrum below fs/2. 


intermodulation Distortion (IMD) 


Nonlinearities in the signal path will tend to generate inter- 
modulation products when two tones, f; and fo, are 
present at the inputs. The ratio of the measured signal to 
the distortion terms is calculated. The terms included in 
the calculation are (fj+fo), (f4-fo), (2f1), (2fe), (2f1+fo), 
(2f1-fo), (f4+2fo), (f4-2fo). The ADC is tested with each 
tone 6dB below full scale. 


Transient Response 


Transient response is measured by providing a full scale transi- 
tion to the analog input of the ADC and measuring the number of 
cycles it takes for the output code to settle within 10-bit accuracy. 


Over-Voltage Recovery 


Over-Voltage Recovery is measured by providing a full scale 
transition to the analog input of the ADC which overdrives 
the input by 200mV, and measuring the number of cycles it 
takes for the output code to settle within 10-bit accuracy. 


Full Power Input Bandwidth (FPBW) 


Full power input bandwidth is the analog input frequency at 
which the amplitude of the digitally reconstructed output has 
decreased 3dB below the amplitude of the input sine wave. 
The input sine wave has an amplitude which swings from 
-FS to +FS. The bandwidth given is measured at the 
specified sampling frequency. 


Video Definitions 


Differential Gain and Differential Phase are two commonly 
found video specifications for characterizing the distortion of 
a chrominance signal as it is offset through the input voltage 
range of an ADC. 


Differential Gain (DG) 


Differential Gain is the peak difference in chrominance 
amplitude (in percent) relative to the reference burst. 


Differential Phase (DP) 


Differential Phase is the peak difference in chrominance 
phase (in degrees) relative to the reference burst. 


Timing Definitions 
Refer to Figure 1 and Figure 2 for these definitions. 


Aperture Delay (tap) 


Aperture delay is the time delay between the external sam- 
ple command (the falling edge of the clock) and the time at 
which the signal is actually sampled. This delay is due to 
internal clock path propagation delays. 


Aperture Jitter (tay) 


Aperture jitter is the RMS variation in the aperture delay due 
to variation of internal clock path delays. 


Data Hold Time (t}) 


Data hold time is the time to where the previous data (N - 1) 
is no longer valid. 


Data Output Delay Time (top) 


Data output delay time is the time to where the new data (N) 
is valid. 


Data Latency (t_ar) 


After the analog sample is taken, the digital data representing 
an analog input sample is output to the digital data bus on 
the 7th cycle of the clock after the analog sample is taken. 
This is due to the pipeline nature of the converter where the 
analog sample has to ripple through the internal subconverter 
stages. This delay is specified as the data latency. After the 
data latency time, the digital data representing each suc- 
ceeding analog sample is output during the following clock 
cycle. The digital data lags the analog input sample by 7 sam- 
ple clock cycles. 


Power-Up Initialization 


This time is defined as the maximum number of clock cycles 
that are required to initialize the converter at power-up. The 
requirement arises from the need to initialize the dynamic 
circuits within the converter. 
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A/D CONVERTERS 
HIGH SPEED 


HI5746 


DSP/uP 


HFA1100 HI5703 HSP9501 HI5780 HA5020 

HFA1105 HI5746 HSP48410 H11171 HA2842 

HFA1106 HI5767 HSP48908 HI3338 HFA1115 

HFA1135 HSP48212 HFA1212 

HFA1145 HSP43891 HFA1412 

HFA1245 HSP43168 

HSP43216 
HFA1100: 850MHz Video Op Amp HSP48212: Digital Video Mixer 
HFA1105: 300MHz Video Op Amp HSP43891: Digital Filter, 30MHz, 9-Bit 
HFA1106: 250MHz Video Op Amp with Bandwidth Limit Control HSP43168: Dual FIR Filter, 10-Bit, 33MHZ/45MHz 
HFA1135: 350MHz Video Op Amp with Output Limiting HSP43216: Digital Half Band Filter 
HFA1145: 300MHz Video Op Amp with Output Disable HI5780: 10-Bit, 80 MSPS, Video D/A Converter 
HFA1245: Dual, 350MHz, Video Op Amp with Output Disable HI1171: 8-Bit, 40 MSPS, Video D/A Converter 
HI5703: 10-Bit, 40 MSPS, Low Power A/D Converter HI3338: 8-Bit, 50 MSPS, Video D/A Converter 
HI5746: 10-Bit, 40 MSPS, Very Low Power A/D Converter HA5020: 100MHz Video Op Amp 
HI5767: 10-Bit, 40 MSPS A/D Converter with Voltage Reference HA2842: High Output Current, Video Op Amp 
HSP9501: Programmable Data Buffer HFA1115: 225MHz Programmable Gain Video Buffer with 
HSP48410: Histogrammer/Accumulating Buffer, 10-Bit Pixel Output Limiting 
Resolution HFA1212: 350MHz Dual Programmable Gain Video Buffer 

HSP48908: 2-D Convolver, 3 x 3 Kernal Convolution, 8-Bit HFA1412: 350MHz Quad Programmable Gain Video Buffer 


In addition, CMOS Logic Families in HC/HCT, AC/ACT, FCT and CD4000 are available. 


FIGURE 30. 10-BIT VIDEO IMAGING COMPONENTS 


HFA1100 HI5703 HSP43168 HI5721 HFA1112 
HFA1110 HI5746 HSP43216 HI5780 HFA1113 
HFA3101 HI5767 HSP43220 HI20201 
HFA3102 HSP43891 HI20203 
HFA3600 HSP50016 

HSP50110 

HSP50210 


HFA1100: 850MHz Op Amp 

HFA1110: 750MHz Unity Gain Video Buffer 

HFA3101: Gilbert Cell Transistor Array 

HFA3102: Dual Long-Tailed Pair Transistor Array 

HFA3600: Low Noise Amplifier/Mixer 

HI5703: 10-Bit, 40 MSPS, Low Power A/D Converter 

HI5746: 10-Bit, 40 MSPS, Very Low Power A/D Converter 
HI5767: 10-Bit, 40 MSPS A/D Converter with Voltage Reference 


HSP43168: 
HSP43216: 
HSP43220: 
HSP43891: 
HSP50016: 
HSP50110: 
HSP50210: 


Dual FIR Filter, 10-Bit, 33MHz/45MHz 
Digital Half Band Filter 

Decimating Digital Filter 

Digital Filter, 30MHz, 9-Bit 

Digital Down Converter 

Digital Quadrature Tuner 

Digital Costas Loop 


HI5721: 10-Bit, 100 MSPS, Communications D/A Converter 

HI5780: 10-Bit, 80 MSPS, D/A Converter 

HI20201: 10-Bit, 160 MSPS, High Speed D/A Converter 

HI20203: 8-Bit, 160 MSPS, High Speed D/A Converter 

HFA1112: 850MHz Programmable Gain Video Buffer 

HFA1113: 850MHz Programmable Gain Video Buffer with Output Limiting 


In addition, CMOS Logic Families in HC/HCT, AC/ACT, FCT and CD4000 are available. 


FIGURE 31. 10-BIT COMMUNICATIONS COMPONENTS 
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wo Aa H15762 


PRELIMINARY Dual 10-Bit, 40/60 MSPS A/D Converter 
August 1997 with Internal Voltage Reference 


Features Description 


Sampling Rate The HI5762 is a monolithic, dual 10-bit, analog-to-digital 
: _ converter fabricated in a CMOS process. It is designed for 
6x BNE GN Tn = TOME high speed applications where wide bandwidth and tow 
Low Power at 60 MSPS power consumption are essential. Its 40 and 60 MSPS 
Wide Full Power Input Bandwidth speed is made possible by a fully differential pipelined archi- 
tecture with both an internal sample and hold and internal 

On-Chip Sample and Holds band-gap voltage reference. 


Internal Band-gap Voltage Reference The HI5762 has excellent dynamic performance while 


Fully Differential or Single-Ended Analog Inputs consuming only 600mW power at 60 MSPS. Data output 
latches are provided which present valid data to the output 


Single Supply Voltage bus with a latency of 7 clock cycles. 


TTL/CMOS Compatible Digital Inputs 


CMOS Compatible Digital Outputs 
Offset Binary Digital Data Output Format Ordering Information 


. PART TEMP. 
Applications NUMBER _ | RANGE (°C) 


¢ Wireless Local Loop HI5762/41N -40to85 |44LdMQFP Q44.10x10 


Refer to the HI5662 data sheet for 8-bit resolution. 


e i w~ 
ya Demedulanon HI5762/6IN -40to85 |44LdMQFP Q44.10x10 1 a 
¢ Medical Imaging i 
7 HI5762EVAL1 | 25 | Evaluation Board ow 
e High Speed Data Acquisition a a 
=r 
rT] O ro; 
Pinout Oo 
HI5762 ot 

(MQFP) 2 


TOP VIEW 


-—T-}  Vrout 


rT] NC 
mT) AVcc1 


i) 
i) 
© 


DVcci1 CT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 4318 
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FARRIS 


SEMICONDUCTOR 


August 1997 


Features 

* SampunG Aale .ccccccvcsunsarevecwuweas 60 MSPS 
¢ 8.3 Bits at fy = 10MHz 

¢ Low Power at 60 MSPS ............ceeeeees 260mW 
¢ Wide Full Power Input Bandwidth .......... 250MHz 
¢ On Chip Sample and Hold 

e Fully Differential or Single-Ended Analog Input 

e Single Supply Voltage ............cccceeeeeees +5V 
e TTL/CMOS Compatible Digital Inputs 

¢ CMOS Compatible Digital Outputs.......... 3.0/5.0V 


Offset Binary or Two’s Complement Output Format 


Applications 


Professional Video Digitizing 
Medical Imaging 


Digital Communication Systems 


HI5766 


10-Bit, 60 MSPS A/D Converter 


Description 


The HI5766 is a monolithic, 10-bit, analog-to-digital 
converter fabricated in a CMOS process. It is designed for 
high speed applications where wide bandwidth and low 
power consumption are essential. Its 60 MSPS speed is 
made possible by a fully differential pipelined architecture 
with an internal sample and hold. 


The HI5766 has excellent dynamic performance while 
consuming only 260mW power at 60 MSPS. Data output 
latches are provided which present valid data to the output 
bus with a latency of 7 clock cycles. It is pin-for-pin 
functionally compatible with the HI5702, HI5703 and the 
HI5746. 


For internal voltage reference, please refer to the HI7567 
data sheet. 


Ordering Information 


PART TEMP. 
NUMBER _ | RANGE (°C) 


HI5766KCB 28 Ld SOIC (W) M283. 


¢ High Speed Data Acquisition HIS766EVAL1 Evaluation Board 
Pinout 
HI5766 
(SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 
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File Number 4130.3 


HI5766 


Functional Block Diagram 


STAGE 1 
= aEmeeEeaeeeeeeeeaeaeeeneeeaeaeee gg 
| 
o DFS 
2-BIT 


9 DVcc2 


> D9(MSB) 


4) 
' 


» D8 


STAGE 8 DIGITAL DELAY > D5 
BEB RB ee eB Ree eee eee eee eee ge AND 
DIGITAL ERROR » D4 
CORRECTION 


a 
A/D CONVERTERS 
HIGH SPEED 


9 D1 


> DO(LSB) 


9 DGND2 


STAGE 9 


AVcc AGND DVcc; DGND1 Vper+ Verer- (OPTIONAL) 
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Typical Application Schematic 


2.5V 
2.0V 
(OPTIONAL) 
Lf 
DGND AGND BNC 
VJ 
DGND1 (2) -a L ©) 
ae ee (4) = 
— |_| pane (21) 
(MSB) (16) D9 
10uF AND 0.1,F CAPS 
WAYS Vine (8) (1) PVces ARE PLACED AS CLOSE 
Voc (11) (3) DVeey TO PART AS POSSIBLE 
Vin-wS ¥ (05 Vin- (10) (23) DVec2 ‘ a 
aha uF sine 
clock “L (0 2 =e 
a | +5V 
+ 
O.1pF = 10uF 


Pin Descriptions 


can 
Digital Supply (+5.0V). 


AGND Analog Ground. 
Vrert +2.5V Positive Reference Voltage 
Input 


VREF- +2.0V Negative Reference Voltage 
Input (Optional) 


DVcce2 Digital Output Supply 
(+3.0V or +5.0V). 
Data Bit 4 Output. 
Data Bit 3 Output. 


Positive Analog Input Te 
| D2 | Data Bit 2 Output. 


Digital Output Enable Control Input. 


Data Bit 1 Output. 
Data Bit 0 Output (LSB). 
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Absolute Maximum Ratings § Ta, = 25°C Thermal Information 

Supply Voltage, AVcc or DVcc to AGND or DGND........... 6V Thermal Resistance (Typical, Note 1) Oj (°C/W) 

PG CIM gece res oe akvederudeeases Gras swoe se oneKi 0.3V HIS766KCB ........ ee ccc cece cece eeeeee 70 

Digital VO Pins ...... 2... s eee e eee eee eee DGND toDVc¢c Maximum Junction Temperature.............0.e00e eee. 150°C 

Analog We PSs vaudee ane agee evades bhaxeeeans AGND to AVcc Maximum Storage Temperature Range sees ene -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 

Operating Conditions (SOIC - Lead Tips Only) 

Temperature Range 

HIS766KCB (Typ) ........... 0c cece ec eee ee eee 0°C to 70°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. @ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications AVcc = DVcc} = 5.0V, DVcco = 3.0V; Vagr+ = 2.5V; VReF- = 2.0V; fg = 60 MSPS at 50% Duty Cycle; 
C. = 10pF; Ta = 25°C; Differential Analog Input; Typical Values are Test Results at 25°C, 
Unless Otherwise Specified 


[___Paraweren | __Testconpmmons | wn [1p] wax | unm 


ACCURACY 


Resowion CCST dT dC 
Differential Linearity Error, DNL fin = DC +0.5 +1.0 LSB 
(Guaranteed No Missing Codes) 

DYNAMIC CHARACTERISTICS 

Minimum Conversion Rate No Missing Codes MSPS 


Maximum Conversion Rate 
Effective Number of Bits, ENOB 


Signal to Noise and Distortion Ratio, SINAD 


_ RMS Signal 
~ RMS Noise + Distortion 


No Missing Codes 
fin = 10MHz 
fin = 10MHz 


Signal to Noise Ratio, SNR 


_ RMS Signal 
~ RMS Noise 


fin = 10MHz 


Total Harmonic Distortion, THD 


Q. 
see) 
o) 


2nd Harmonic Distortion fin = 10MHz 

fin = 10MHz 

fin = 10MHz 

fy = 1MHz, fo = 1.02MHz 

fs = 17.72 MSPS, 6 Step, Mod Ramp 
fs = 17.72 MSPS, 6 Step, Mod Ramp 
(Note 2) 


0.2V Overdrive (Note 2) 


3rd Harmonic Distortion dBc 


Qa. 
ie) 
QO 


Spurious Free Dynamic Range, SFDR 
Intermodulation Distortion, IMD dBc 


Differential Gain Error 


3 


Differential Phase Error Degree 


Transient Response Cycle 


—_ 

60 ae 
— a 

fin = 10MHz Pos | 562 | - | Be 

— a 
ioe Ls 
s a 
Ls a 
—- — 
=—_ —_ 
= a 
— a 


Over-Voltage Recovery 
ANALOG INPUT 


Cycle 


Maximum Peak-to-Peak Differential Analog Input 
Range (Vint - ViNn-) 


Maximum Peak-to-Peak Single-Ended 
Analog Input Range 


= 


Analog Input Resistance, Riy (Note 3) 


4-343 


A/D CONVERTERS 


HIGH SPEED 


HI5766 


Electrical Specifications AVcoc = DVcc = 5.0V, DVccp = 3.0V; Vrert = 2.5V; VreF- = 2.0V; fg = 60 MSPS at 50% Duty Cycle; 
C, = 10pF; Ta = 25°C; Differential Analog Input; Typical Values are Test Results at 25°C, 
Unless Otherwise Specified (Continued) 


[PARAMETER | _TeSTOONDTIONS | WIN | TYP | MAX | UNITS 
[Analog Input Capacitance, Cin ft 
[araog npuBias Curent igroris fee | tO | tO A 
Differential Analog Input Bias Current (Note 3) +0.5 pA 
ee 


Analog Input Common Mode Voltage Range Differential Mode (Note 2) 0.25 4.75 V 
(Vint + Vin-) /2 


REFERENCE INPUT 


Total Reference Resistance, Ri 


2.5K 
Reference Current 
Note 2) 
Note 2) 
(Note 2) 


Positive Reference Voltage Input, Vagrt+ 


Negative Reference Voltage Input, Vager- 


~- 


Reference Common Mode Voltage 
(VReFt + VReF-)/ 2 


DC BIAS VOLTAGE 
DC Bias Voltage Output, Voc 


ak, 
io) 


Nea 
ho 
3 


Maximum Output Current 
DIGITAL INPUTS 
Input Logic High Voltage, Vj} 


CLK, DFS, OE 

CLK, DFS, OE 

CLK, DFS, OE, Viy = 5V 
CLK, DFS,OE, Vj, = OV 


Input Logic Low Voltage, Vj,_ 
-10.0 
-10.0 


+10.0 
+10.0 


Input Logic High Current, |) 


Input Logic Low Current, |) 


Input Capacitance, Cijy 
DIGITAL OUTPUTS 
Output Logic High Voltage, Voy 


lon = 100A; DVcco = 5V 
lot = 100nA; DVcco = 5V 
Vo = 0/5V; DVcce = 5V 
IOH = 100A; DVcc2 = 3V 
loc = 100A; DVcco = 3V 
Vo = 0/5V; DVcce = 3V 


Output Logic Low Voltage, Vo. 


=" 


Output Three-State Leakage Current, loz +10 
Output Logic High Voltage, Von 
Output Logic Low Voltage, Vo. 


+10 


I+ 
wok 


Output Three-State Leakage Current, loz 


—_ 


Output Capacitance, Coyt 0 
TIMING CHARACTERISTICS 


Aperture Delay, tap 


oS 


Aperture Jitter, ta) 

Data Output Hold, ty 

Data Output Delay, top 

Data Output Enable Time, tey 


Data Output Enable Time, tpis 
Data Latency, tLat For a Valid Sample (Note 2) 


Data Invalid Time (Note 2) 


Cycles 


Power-Up Initialization Cycles 
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Electrical Specifications AVoc = DVcc; = 5.0V, DVcco = 3.0V; Vrer+ = 2.5V; Vrer- = 2.0V; fg = 60 MSPS at 50% Duty Cycle; 
C= 10pF; Ta = 25°C; Differential Analog Input; Typical Values are Test Results at 25°C, 
Unless Otherwise Specified (Continued) 


PARAMETER TEST CONDITIONS | MIN | TYP | MAX | UNITS 
POWER SUPPLY CHARACTERISTICS 


[analog Supa Vokage.AVoo——SSC*COC“‘“‘CSCSS™™COC~C~*~‘d;=« SPs sme 
Distal Sup Votage, voor «dS as st ss 


Tees |v 


| = 
nge-Var=taivenaors=o | - [2 | - 
Tie Var = 25Venaors=0 |_| 20 | | aw 
es ee 
: ee 


AVcc or DVcc = 5V 45% 
AVcc or DVcc = 5V 5% 


2. Parameter guaranteed by design or characterization and not production tested. 
3. With the clock low and DC input. 


Timing Waveforms 


ANALOG 
INPUT 


CLOCK 
INPUT SN-1\HN-1f7 SN Hn JSn+1 VHN419SN+2 Sn+5\Hnes JSn+6 VHN+697SN47 VHN+77SN48 VHNe 8 


1ST ‘ 
STAGE aD) €.B G2c 
ar) Gc) Gre 


= 

Pr 

Oz 

mo 
yw] 


9TH B B } B B B 
DATA 
wien On-7 MK On-6 | Gz? Gp Gc ra 


$$$ tLaT SoataleeaEn ERED 
NOTES: 
4. Sx: N-th sampling period. 
5. Hy: N-th holding period. 
6. By, n: M-th stage digital output corresponding to N-th sampled input. 
7. Dy: Final data output corresponding to N-th sampled input. 


FIGURE 1. HI5766 INTERNAL CIRCUIT TIMING 
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A/D CONVERTERS 
HIGH SPEED 


HI5766 


Timing Waveforms 


ANALOG 
INPUT 
—— tap hn 
;— | tau 
CLOCK 
weur Sv 1.5V 
] 
| 
. _ 
—pe 
DATA DATA N -1 
OUTPUT 


top —— 
' | 
ty = 
2.4V 
| DATA N 


0.5V 


FIGURE 2. INPUT-TO-OUTPUT TIMING 


Typical Performance Curves 


fs = 60 MSPS 


Com 
UT ANU 


ENOB (BITS) 


Nl 


INPUT FREQUENCY (MHz) 


FIGURE 3. EFFECTIVE NUMBER OF BITS (ENOB) vs INPUT 
FREQUENCY 


is= = 60 MSPS 


dB 


SHH 
i SA rail 


TH SESS 


Ceo CNIM 
En 


INPUT encndenee (MHz) 


fs = 60 MSPS 


a 
ne] 
INPUT FREQUENCY (MHz) 

FIGURE 4. SINAD AND SNR vs INPUT FREQUENCY 
fs = 60 MSPS 
fin = 10MHz 

e 
a 
a 
fe) 
= 
Lu 


INPUT LEVEL (-dBFS) 


NOTE: SFDR depicted here does not include any harmonic distortion. 
FIGURE 5. -2HD, -3HD, -THD AND SFDR vs INPUT FREQUENCY FIGURE 6. EFFECTIVE NUMBER OF BITS (ENOB) vs ANALOG 


INPUT LEVEL 
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Typical Performance Curves (Continued) 


fg = 60 MSPS 
fin = 10MHz 
Ta = 25°C 


ENOB (BITS) 


DUTY CYCLE (%, ty/te_x) 


FIGURE 7. EFFECTIVE NUMBER OF BITS (ENOB) vs SAMPLE 
CLOCK DUTY CYCLE 


dB 


fs = 60 MSPS 
fin = 10MHz 


Ta = 25°C 
Vrert - Vrer- = 0.5V 


2.25 2.30 2.35 2.40 2.45 2.50 2.55 2.60 2.65 2.70 2.75 
Vrer+ (V) 


FIGURE 9. SINAD AND SNR vs Vper+ 


8.4 


fs = 60 MSPS 
fin = 10MHz 

Ta= 25°C 

Vrer- NOT DRIVEN 


rT 
aN 
aS 


7.8 
2.25 2.30 2.35 2.40 2.45 2.50 2.55 2.60 2.65 2.70 2.75 


VreFt (V) 


FIGURE 11. EFFECTIVE NUMBER OF BITS (ENOB) vs VpeF+ 
(Vrer- NOT DRIVEN) 


fs = 60 MSPS 
fin = 10MHz 


Ta = 25°C 
Vrert - Vrer- = 0.5V. 


ENOB (BITS) 


Vrer+ (V) 


FIGURE 8. EFFECTIVE NUMBER OF BITS (ENOB) vs Vper+ 


fs = 60 MSPS 
fin = 10MHz 


Ta = 25°C 
Vrert - Vrer- = 0.5V 


dB 


0 
2.25 2.30 2.35 2.40 2.45 2.50 2.55 2.60 2.65 2.70 2.75 
Vrer* (V) 


NOTE: SFDR depicted here does not include any harmonic distortion. 


FIGURE 10. -2HD, -3HD, -THD AND SFDR vs Vrer+ 


49 
a 
ao] 
48 
fs = 60 MSPS 
47 fin = 10MHz 
Ta = 25°C 
Vrer- NOT DRIVEN 
46 
2.25 2.30 2.35 2.40 2.45 2.50 2.55 2.60 2.65 2.70 2.75 
Vrer+ (V) 


FIGURE 12. SINAD AND SNR vs Vrer+ (Vper- NOT DRIVEN) 
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A/D CONVERTERS 
HIGH SPEED 


HI5766 


Typical Performance Curves (Continued) 


fs = 60 MSPS 

fin = 10MHz 

Ta = 25°C 

Vrer- NOT DRIVEN 


2.25 2.30 2.35 2.40 2.45 2.50 2.55 2.60 2.65 2.70 2.75 
Vrer+ (V) 


FIGURE 13. -2HD, -3HD, -THD AND SFDR vs Vpgr+ 
(Vper- NOT DRIVEN) 


ENOB (BITS) 
~ 
ow 
| i 


es 

| ne es ee ee ee See 
-40 -20 0 20 40 60 80 

TEMPERATURE (°C) 


FIGURE 15. EFFECTIVE NUMBER OF BITS (ENOB) vs 
TEMPERATURE 


-40 -20 0 20 40 60 80 
TEMPERATURE (°C) 


FIGURE 17. REFERENCE CURRENT vs TEMPERATURE 


ENOB (BITS) 


0.25 0.75 1.25 1.75 2.25 2.75 3.25 3.75 4.25 4.75 


Ven (V) 


FIGURE 14. EFFECTIVE NUMBER OF BITS (ENOB) vs ANALOG 
INPUT COMMON MODE VOLTAGE 


SUPPLY CURRENT (mA) 


fs (MSPS) 


FIGURE 16. SUPPLY CURRENT vs SAMPLE CLOCK 
FREQUENCY 


top (ns) 


TEMPERATURE (°C) 


FIGURE 18. DATA OUTPUT DELAY vs TEMPERATURE 
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Typical Performance Curves (Continued) 


DP (DEGREES) 


"40 -20 0 20 40 60 8 
TEMPERATURE (°C) 


FIGURE 19. DIFFERENTIAL GAIN/PHASE vs TEMPERATURE 


Voc (V) 


-40 -20 0 20 40 60 80 
TEMPERATURE (°C) 


FIGURE 21. DC BIAS VOLTAGE (Vpc) vs TEMPERATURE 


OUTPUT LEVEL (dB) 


DG (%) 
DP (DEGREES) 


2.75 3.00 3.25 3.50 3.75 4.00 4.25 4.50 4.75 5.00 5.25 
DVcc2 (V) 


FIGURE 20. DIFFERENTIAL GAIN/PHASE vs SUPPLY VOLTAGE 


-70 


aotdttt te tterteret dt] batt 
oo HEA TA A A 
soot EE ITE TURE 


0 100 200 300 400 500 600 700 800 900 1023 
FREQUENCY (BIN) 


A/D CONVERTERS 
HIGH SPEED 


FIGURE 22. 2048 POINT FFT PLOT 


fs = 60 MSPS 
fin = 10MHz 


why a 
SAL Ad ce 


Beg ha iil A Th 


0 100 200 300 400 500 600 700 800 900 1023 
FREQUENCY (BIN) 


FIGURE 23. 2048 POINT FFT PLOT 
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Detailed Description 


Theory of Operation 


The HI5766 is a 10-bit fully differential sampling pipeline A/D 
converter with digital error correction logic. Figure 3 depicts 
the circuit for the front end differential-in-differential-out 
sample-and-hold (S/H). The switches are controlled by an 
internal sampling clock which is a non-overlapping two phase 
signal, @; and 2, derived from the master sampling clock. 
During the sampling phase, 1, the input signal is applied to 
the sampling capacitors, Cs. At the same time the holding 
capacitors, Cy, are discharged to analog ground. At the falling 
edge of ¢ the input signal is sampled on the bottom plates of 
the sampling capacitors. In the next clock phase, $2, the two 
bottom plates of the sampling capacitors are connected 
together and the holding capacitors are switched to the op- 
amp output nodes. The charge then redistributes between Cs 
and Cy completing one sample-and-hold cycle. The front end 
sample-and-hold output is a fully-differential, sampled-data 
representation of the analog input. The circuit not only 
performs the sample-and-hold function but will also convert a 
single-ended input to a_fully-differential output for the 
converter core. During the sampling phase, the Vij pins see 
only the on-resistance of a switch and Cs. The relatively small 
values of these components result in a typical full power input 
bandwidth of 250MHz for the converter. 


VouT+ 


VouT- 


FIGURE 24. ANALOG INPUT SAMPLE-AND-HOLD 


As illustrated in the functional block diagram and the timing 
diagram in Figure 1, eight identical pipeline subconverter 
stages, each containing a two-bit flash converter and a 
two-bit multiplying digital-to-analog converter, follow the S/H 
circuit with the ninth stage being a two bit flash converter. 
Each converter stage in the pipeline will be sampling in one 
phase and amplifying in the other clock phase. Each individ- 
ual subconverter clock signal is offset by 180 degrees from 
the previous stage clock signal resulting in alternate stages 
in the pipeline performing the same operation. 


The output of each of the eight identical two-bit subconverter 
stages is a two-bit digital word containing a supplementary bit 
to be used by the digital error correction logic. The output of 
each subconverter stage is input to a digital delay line which is 
controlled by the internal sampling clock. The function of the 
digital delay line is to time align the digital outputs of the eight 
identical two-bit subconverter stages with the corresponding 
output of the ninth stage flash converter before applying the 
eighteen bit result to the digital error correction logic. The 
digital error correction logic uses the supplementary bits to 


correct any error that may exist before generating the final 
10-bit digital data output of the converter. 


Because of the pipeline nature of this converter, the digital data 
representing an analog input sample is output to the digital data 
bus on the 7th cycle of the clock after the analog sample is 
taken. This time delay is specified as the data latency. After the 
data latency time, the digital data representing each succeed- 
ing analog sample is output during the following clock cycle. 
The digital output data is synchronized to the external sampling 
clock by a double buffered latching technique. The output of the 
digital error correction circuit is available in two's complement or 
offset binary format depending on the state of the Data Format 
Select (DFS) control input (see Table 1, A/D Code Table). 


Reference Voltage Inputs, Vaer- and Vraert+ 


The HI5766 is designed to accept two external reference volt- 
age sources at the Vref input pins. Typical operation of the 
converter requires Vper+ to be set at +2.5V and Vr_er- to be 
set at 2.0V. However, it should be noted that the input struc- 
ture of the Vaer+ and Vr_erF- input pins consists of a resistive 
voltage divider with one resistor of the divider (nominally 
5002) connected between Vrer+ and Vr_er- and the other 
resistor of the divider (nominally 2000Q) connected between 
Vrer- and analog ground. This allows the user the option of 
supplying only the +2.5V Vr_er+ voltage reference with the 
+2.0V Vr_er- being generated internally by the voltage divi- 
sion action of the input structure. 


The HI5766 is tested with Vpef- equal to +2.0V and Varr+ 
equal to +2.5V yielding a fully differential analog input voltage 
range of +0.5V. Vaer+ and Vp_er- can differ from the above 
voltages. 


In order to minimize overall converter noise it is recommended 
that adequate high frequency decoupling be provided at both 
of the reference voltage input pins, Va¢r+ and Vper-. 


Analog Input, Differential Connection 


The analog input to the HI5766 is a differential input that can 
be configured in various ways depending on the signal 
source and the required level of performance. A fully 
differential connection (Figure 4 and Figure 5) will give the 
best performance for the converter. 


ww US 
dH 


Vin Uf\—4 


FIGURE 25. AC COUPLED DIFFERENTIAL INPUT 


Since the HI5766 is powered by a single +5V analog supply, 
the analog input is limited to be between ground and +5V. 
For the differential input connection this implies the analog 
input common mode voltage can range from 0.25V to 4.75V. 
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The performance of the ADC does not change significantly 
with the value of the analog input common mode voltage. 


A DC voltage source, Vpc, equal to 3.2V (Typ), is made 
available to the user to help simplify circuit design when using 
an AC coupled differential input. This low output impedance 
voltage source is not designed to be a reference but makes an 
excellent DC bias source and stays well within the analog 
input common mode voltage range over temperature. 


For the AC coupled differential input (Figure 4) assume 
the difference between Vp_er+, typically 2.5V, and Vrer-, 
typically 2V, is 0.5V. Full scale is achieved when the Vin 
and -Viy input signals are 0.5Vp.p, with -Vjy being 
180 degrees out of phase with Vij. The converter will be 
at positive full scale when the Vjy+ input is at 
Voc + 0.25V and the Vix input is at Voc - 0.25V (Vint - 
Vin- = +0.5V). Conversely, the converter will be at nega- 
tive full scale when the Vjjj+ input is equal to Voc - 0.25V 
and Vjiy- is at Voc + 0.25V (Vint - Vin- = -0.5V). 


The analog input can be DC coupled (Figure 5) as long as 
the inputs are within the analog input common mode voltage 
range (0.25V < VDC < 4.75V). 


VIN 
VDC Oe 


FIGURE 26. DC COUPLED DIFFERENTIAL INPUT 


The resistors, R, in Figure 5 are not absolutely necessary 
but may be used as load setting resistors. A capacitor, C, 
connected from Vijyj+ to Vix- will help filter any high fre- 
quency noise on the inputs, also improving performance. 
Values around 20pF are sufficient and can be used on AC 
coupled inputs as well. Note, however, that the value of 
capacitor C chosen must take into account the highest 
frequency component of the analog input signal. 


Analog Input, Single-Ended Connection 


The configuration shown in Figure 6 may be used with a 
single ended AC coupled input. 


Vint 


Vint “4 
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FIGURE 27. AC COUPLED SINGLE ENDED INPUT 


Again, assume the difference between Vpef+, typically 
2.5V, and Vr_r-, typically 2V, is 0.5V. If Vin is a 1Vp-_p sine- 
wave, then Vijyj+ is a 1Vp.p sinewave riding on a positive 


voltage equal to VDC. The converter will be at positive full 
scale when Viy+ is at VDC + 0.5V (Vin+ - Vin- = +0.5V) 
and will be at negative full scale when Viyj+ is equal to 
VDC - 0.5V (Vint - Vin- = -0.5V). Sufficient headroom must 
be provided such that the input voltage never goes above 
+5V or below AGND. In this case, VDC could range between 
0.5V and 4.5V without a significant change in ADC perfor- 
mance. The simplest way to produce VDC is to use the DC 
bias source, Vpc, output of the HI5766. 


The single ended analog input can be DC coupled 
(Figure 7) as long as the input is within the analog input 
common mode voltage range. 


VIN 
VDC 


Vint 


HI5766 


vbc 


FIGURE 28. DC COUPLED SINGLE ENDED INPUT 


The resistor, R, in Figure 7 is not absolutely necessary but 
may be used as a load setting resistor. A capacitor, C, 
connected from Viy+ to Vix- will help filter any high fre- 
quency noise on the inputs, also improving performance. 
Values around 20pF are sufficient and can be used on AC 
coupled inputs as well. Note, however, that the value of 
capacitor C chosen must take into account the highest 
frequency component of the analog input signal. 


A single ended source may give better overall system 
performance if it is first converted to differential before driving 
the HI5766. 


Digital Output Control and Clock Requirements 


The HI5766 provides a standard high-speed interface to 
external TTL logic families. 


In order to ensure rated performance of the HI5766, the duty 
cycle of the clock should be held at 50% +5%. It must also 
have low jitter and operate at standard TTL levels. 


Performance of the HI5766 will only be guaranteed at 
conversion rates above 1 MSPS. This ensures proper perfor- 
mance of the internal dynamic circuits. Similarly, when 
power is first applied to the converter, a maximum of 20 
cycles at a sample rate above 1 MSPS will have to be 
performed before valid data is available. 


A Data Format Select (DFS) pin is provided which will 
determine the format of the digital data outputs. When at 
logic low, the data will be output in offset binary format. 
When at logic high, the data will be output in two’s 
complement format. Refer to Table 1 for further information. 
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TABLE 1. A/D CODE TABLE 


OFFSET BINARY OUTPUT CODE TWO’S COMPLEMENT OUTPUT CODE 
(DFS Low) (DFS HIGH) 


DIFFERENTIAL 


INPUT 
CODE CENTER VOLTAGE 
DESCRIPTION (Vint - Vin-) 


ee Scale (+FS) 0.499756V 
- uP LSB 


EE Ee 
ptfofotojofojojofofofofolojo}ofofotofoto| 
EN EN Ee 
s-Tue [sane Polo fofofefefofofof tr fefelfofofofofofotr ! 


FullScale(-FS)+ | -0.499268V 
3/, LSB 


NOTES: 


8. The voltages listed above represent the ideal center of each output code shown as a function of the reference differential voltage, 


(VReF + - VREF-) = 0.5V. 
9. Vaer+ = 2.5V and Vper- = 2V. 


The output enable pin, OE, when pulled high will three-state 
the digital outputs to a high impedance state. Set the OE 
input to logic low for normal operation. 


OE INPUT DIGITAL DATA OUTPUTS 
CC 
High Impedance 


Supply and Ground Considerations 


The HI5766 has separate analog and digital supply and ground 
pins to keep digital noise out of the analog signal path. The dig- 
ital data outputs also have a separate supply pin, DVcco, 
which can be powered from a 3V or 5V supply. This allows the 
outputs to interface with 3V logic if so desired. 


The part should be mounted on a board that provides 
separate low impedance connections for the analog and 
digital supplies and grounds. For best performance, the sup- 
plies to the HI5766 should be driven by clean, linear regu- 
lated supplies. The board should also have good high 
frequency decoupling capacitors mounted as close as possi- 
ble to the converter. If the part is powered off a single supply 
then the analog supply and ground pins should be isolated 
by ferrite beads from the digital supply and ground pins. 


Refer to the application note “Using Harris High Speed A/D 
Converters” (AN9214) for additional considerations when 
using high speed converters. 


Static Performance Definitions 


Offset Error (Vos) 


The midscale code transition should occur at a level Vy LSB 
above half-scale. Offset is defined as the deviation of the 
actual code transition from this point. 


Full-Scale Error (FSE) 


The last code transition should occur for an analog input that 
is 3/, LSBs below positive Full Scale (+FS) with the offset 


error removed. Full Scale error is defined as the deviation of 
the actual code transition from this point. 


Differential Linearity Error (DNL) 

DNL is the worst case deviation of a code width from the 
ideal value of 1 LSB. 

Integral Linearity Error (INL) 

INL is the worst case deviation of a code center from a best 
fit straight line calculated from the measured data. 

Power Supply Sensitivity 


Each of the power supplies are moved plus and minus 5% and 
the shift in the offset and full scale error (in LSBs) is noted. 


Dynamic Performance Definitions 


Fast Fourier Transform (FFT) techniques are used to evaluate 
the dynamic performance of the HI5766. A low distortion sine 
wave is applied to the input, it is coherently sampled, and the 
output is stored in RAM. The data is then transformed into the 
frequency domain with an FFT and analyzed to evaluate the 
dynamic performance of the A/D. The sine wave input to the 
part is -0.5dB down from Full scale for all these tests. 


SNR and SINAD are quoted in dB. The distortion numbers 
are quoted in dBc (decibels with respect to carrier) and DO 
NOT include any correction factors for normalizing to full 
scale. 


Effective Number Of Bits (ENOB) 


The effective number of bits (ENOB) is calculated from the 
SINAD data by: 


ENOB = (SINAD - 1.76 + Vcorp) / 6.02 
where: Vcoorr = 0.5 GB. 


Vcorr adjusts the SINAD, and hence the ENOB, for the 
amount the analog input signal is below full scale. 
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Signal To Noise and Distortion Ratio (SINAD) 


SINAD is the ratio of the measured RMS signal to RMS sum of 
all the other spectral components below the Nyquist frequency, 
fs/2, excluding DC. 


Signal To Noise Ratio (SNR) 


SNR is the ratio of the measured RMS signal to RMS noise at 
a specified input and sampling frequency. The noise is the 
RMS sum of all of the spectral components below fs/2 
excluding the fundamental, the first five harmonics and DC. 


Total Harmonic Distortion (THD) 


THD is the ratio of the RMS sum of the first 5 harmonic 
components to the RMS value of the fundamental input signal. 


2nd and 3rd Harmonic Distortion 


This is the ratio of the RMS value of the applicable harmonic 
component to the RMS value of the fundamental input signal. 


Spurious Free Dynamic Range (SFDR) 


SFDR is the ratio of the fundamental RMS amplitude to the 
RMS amplitude of the next largest spectral component in the 
spectrum below fe/2. 


intermodulation Distortion (IMD) 


Nonlinearities in the signal path will tend to generate inter- 
modulation products when two tones, f; and fo, are 
present at the inputs. The ratio of the measured signal to 
the distortion terms is calculated. The terms included in 
the calculation are (f;+fo), (fy-fo), (2f1), (2fo), (2f4+fo), 
(2f1-fo), (f4+2fo), (f4-2f2). The ADC is tested with each 
tone 6dB below full scale. 


Transient Response 


Transient response is measured by providing a full scale transi- 
tion to the analog input of the ADC and measuring the number of 
cycles it takes for the output code to settle within 10-bit accuracy. 


Over-Voltage Recovery 


Over-Voltage Recovery is measured by providing a full scale 
transition to the analog input of the ADC which overdrives 
the input by 200mV, and measuring the number of cycles it 
takes for the output code to settle within 10-bit accuracy. 


Full Power Input Bandwidth (FPBW) 


Full power input bandwidth is the analog input frequency at 
which the amplitude of the digitally reconstructed output has 
decreased 3dB below the amplitude of the input sine wave. 
The input sine wave has an amplitude which swings from 
-FS to +FS. The bandwidth given is measured at the 
specified sampling frequency. 


Video Definitions 


Differential Gain and Differential Phase are two commonly 
found video specifications for characterizing the distortion of 
a chrominance signal as it is offset through the input voltage 
range of an ADC. 


Differential Gain (DG) 


Differential Gain is the peak difference in chrominance 
amplitude (in percent) relative to the reference burst. 


Differential Phase (DP) 


Differential Phase is the peak difference in chrominance 
phase (in degrees) relative to the reference burst. 


Timing Definitions 
Refer to Figure 1 and Figure 2 for these definitions. 


Aperture Delay (tap) 


Aperture delay is the time delay between the external 
sample command (the falling edge of the clock) and the time 
at which the signal is actually sampled. This delay is due to 
internal clock path propagation delays. 


Aperture Jitter (ta) 


Aperture jitter is the RMS variation in the aperture delay due 
to variation of internal clock path delays. 


Data Hold Time (t}) 


Data hold time is the time to where the previous data (N - 1) 
is no longer valid. 


Data Output Delay Time (top) 


Data output delay time is the time to where the new data (N) 
is valid. 


Data Latency (tLar) 


After the analog sample is taken, the digital data representing 
an analog input sample is output to the digital data bus on 
the 7th cycle of the clock after the analog sample is taken. 
This is due to the pipeline nature of the converter where the 
analog sample has to ripple through the internal subconverter 
stages. This delay is specified as the data latency. After the 
data latency time, the digital data representing each suc- 
ceeding analog sample is output during the following clock 
cycle. The digital data lags the analog input sample by 7 
sample clock cycles. 


Power-Up Initialization 


This time is defined as the maximum number of clock cycles 
that are required to initialize the converter at power-up. The 
requirement arises from the need to initialize the dynamic 
circuits within the converter. 
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Features 

e Sampling Rate 

¢ 8.8 Bits at fj, = 10MHz, fs = 40 MSPS 

e Low Power at 40 MSPS 

e Wide Full Power Input Bandwidth 

¢ On-Chip Sample and Hold 

e Internal 2.5V Band-Gap Voltage Reference 
Fully Differential or Single-Ended Analog Input 
Single Supply Voltage 
TTL/CMOS Compatible Digital Inputs 
CMOS Compatible Digital Outputs 3.0V/5.0V 


Offset Binary or Two’s Complement Output Format 


Applications 

¢ Digital Communication Systems 
¢ QAM Demodulators 

e Professional Video Digitizing 

¢ Medical Imaging 


High Speed Data Acquisition 


Description 


The HI5767 is a monolithic, 10-bit, analog-to-digital converter 
fabricated in a CMOS process. It is designed for high speed 
applications where wide bandwidth and low power consump- 
tion are essential. Its high sample clock rate is made possible 
by a fully differential pipelined architecture with both an internal 
sample and hold and internal band-gap voltage reference. 


The 250MHz Full Power Input Bandwidth and superior high 
frequency performance of the HI5767 converter make it an 
excellent choice for implementing Digital IF architectures in 
communications applications. 


The HI5767 has excellent dynamic performance while 
consuming only 310mW power at 40 MSPS. Data output 
latches are provided which present valid data to the output 
bus with a latency of 7 clock cycles. 


The HI5767 is offered in 20 MSPS, 40 MSPS and 60 MSPS 
sampling rates. 


Ordering Information 


HI5767 (SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 


File Number 4319.1 


HI5767 


Functional Block Diagram 
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STAGE 9 


AVcc AGND DVcc; DGND1 
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Typical Application Schematic 


HI5767 


AGND (12) 
AGND (6) DGND AGND BNC 
DGND1 (2) =e b (0) 
DGND1 (4) = 
DGND2 (21) 
(MSB) (16) D9 
10uF AND 0.1uF CAPS 
Vin+ (9) (1) DV ARE PLACED AS CLOSE 
Voc (11) (3) DVecs TO PART AS POSSIBLE 
Vin- (10) (23) DVcce i. +5V 
0.1,F eds 
clock “L (0 CLK (22) (13) AVec = = 
DFS(15) (5) AVcc ~ +5V 
OE (14) O.1pF = 10pF 
if bos 


Pin Descriptions 


rene [wae esearion 


Data Bit 5 Output 
Digital Ground 
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Absolute Maximum Ratings Ty, = 25°C Thermal Information 

Supply Voltage, AVcc or DVcc to AGND or DGND........... 6V Thermal Resistance (Typical, Note 1) Oya (CC/W) 

Ly Bd GE? 52 b 4 enw ndearetetnore~aaees peeseeesexies 0.3V SOIC Package....... 0... cece eee e eee eees 75 

Digital /O Pins .... 11... eee eee eee eee ees DGND toDVcc Maximum Junction Temperature............. 0000 cece ee 150°C 

Analog A) PR oo wh ehh sd oh do baa e Ce RTOS ewes AGND to AVcc Maximum Storage Temperature Range tia ee eee -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 

Operating Conditions (SOIC - Lead Tips Only) 

Temperature Range 

PHIBTZOTIRCE (Wilk cccs0scceiseeceacsaanccunna 0°C to 70°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8ja is Measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications AVcoco = DVcc = 5.0V, DVcce = 3.0V; VREFIN = VREFOUT ; fg = 40 MSPS at 50% Duty Cycle; 
Ci = 10pF; Ta = 25°C; Differential Analog Input; Typical Values are Test Results at 25°C, 
Unless Otherwise Specified 


[raraneren————=«;~S——srestconommons_[ wm re ] wax] unis 


ACCURACY 


ewes CYS 
Integral Linearity Error, INL fin = DC 4.75 LSB 


Differential Linearity Error, DNL fin = DC £+1,0 LSB 
(Guaranteed No Missing Codes) 


Offset Error, Vos fin = DC 
Full Scale Error, FSE fin = DC 


DYNAMIC CHARACTERISTICS 


No Missing Codes 


Effective Number of Bits, ENOB 
HI5767/2 


HI5767/4 


Signal to Noise and Distortion Ratio, SINAD 


7 RMS Signal 
~ RMS Noise + Distortion 


HI5767/2 


HI5767/4 


Signal to Noise Ratio, SNR 


_ RMS Signal 
~ RMS Noise 


HI5767/2 


HI5767/4 


Total Harmonic Distortion, THD 
HI5767/2 


fg = 20 MSPS, fy = 10MHz — 71 


fg = 40 MSPS, fyy = 10MHz pe 


fg = 20 MSPS, fiy = 10MHz 7 -76 


fg = 40 MSPS, fyy = 10MHz po [73 | 


HI5767/4 


2nd Harmonic Distortion 
HI5767/2 


HI5767/4 
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Electrical Specifications AVcc = DVccq = 5.0V, DVcco = 3.0V; VREFIn = VREFOUT ; fg = 40 MSPS at 50% Duty Cycle; 
C, = 10pF; Ta = 25°C; Differential Analog Input; Typical Values are Test Results at 25°C, 
Unless Otherwise Specified (Continued) 
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3rd Harmonic Distortion 
HI5767/2 fs = 20 MSPS, fin = 10MHz -80 dBc 


Spurious Free Dynamic Range, SFDR 
HI5767/2 fs = 20 MSPS, fix = 10MHz 76 d 


Bc 
fs = 17.72MHz, 6 Step, Mod Ramp 


Differential Phase Error fs = 17.72MHz, 6 Step, Mod Ramp 


fo) 


dB 


Ps 


Degree 


Transient Response (Note 2) Cycle 


Over-Voltage Recovery 0.2V Overdrive (Note 2) Cycle 


ANALOG INPUT 


Maximum Peak-to-Peak Differential Analog Input 
Range (Vint - Vin-) 


Maximum Peak-to-Peak Single-Ended 
Analog Input Range 


+0.5 


< 


= 
+e) 


= 


Analog Input Resistance, Rij (Note 3) 


walk 
oO 


Analog Input Capacitance, Cijy 


— 


Analog Input Bias Current, Ig+ or Ip- (Note 3) +10 


Differential Analog Input Bias Current (Note 3) 
IBDIFF = (Ip+ - Ip-) 


Full Power Input Bandwidth, FPBW 


a 
Oo 


ol 


nN 


Analog Input Common Mode Voltage Range 
(Vint + Vin-) / 2 


Differential Mode (Note 2) 


= 
ho 
uo 


4.75 


INTERNAL REFERENCE VOLTAGE 


Reference Voltage Output, VaeFouT (Loaded) 2.47 


Reference Output Current, IREFOuUT 


3|- 


Reference Temperature Coefficient 


3 
> 


3 
> 
oO 


REFERENCE VOLTAGE INPUT 


Reference Voltage Input, VReFin 
Total Reference Resistance, Rrerin 


Reference Input Current, IREFIN 


= 


,)n]n 
alo 
x 


DC BIAS VOLTAGE 


DC Bias Voltage Output, Voc 


Maximum Output Current mA 


ie) 
fo) 
3]. 


DIGITAL INPUTS 


2.0 


Input Logic High Voltage, Vip CLK, DFS, OE 


Input Logic Low Voltage, Vj, CLK, DFS, OE 
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Electrical Specifications AVcoc = DVcc; = 5.0V, DVcco = 3.0V; VREFIN = VREFOUT ; fg = 40 MSPS at 50% Duty Cycle; 
C. = 10pF; Ta = 25°C; Differential Analog Input; Typical Values are Test Results at 25°C, 
Unless Otherwise Specified (Continued) 


[__Paraweten——=«|__——‘Tesrconpmmons | wm [| Tye | wax | UNTS 
[nputtoge nen Curent _——«dpSUKOFSOEV=sy | vee |__| 100 | om 
frpaopetowGurerbin «dS OFSOE Mov «| 100 | | 00 | a 
Input Capacitance, Cy r= Fe ye pF 


DIGITAL OUTPUTS 


Output Logic High Voltage, Voy lon = 100HA; DVcoco = 5V 


Output Logic Low Voltage, Vo. lot = 100nA; DVcce = 5V 


Output Three-State Leakage Current, loz Vo = 0/5V; DVcco = 5V 


Oo 


Output Logic High Voltage, Voy Ion = 100A; DVoco = 3V 


Output Logic Low Voltage, VoL lot = 100nA; DVcco2 = 3V 


Output Three-State Leakage Current, loz Vo = 0/5V; DVcc2 = 3V 


=k 
oO 
I+ 


-=[-]> : |. 
Oo — —_ 


—_ 


oO ak 
Oln 


Output Capacitance, Coyt 


TIMING CHARACTERISTICS 


Aperture Delay, tap 

Aperture Jitter, tay 

Data Output Hold, ty 

Data Output Delay, top 

Data Output Enable Time, ten 
Data Output Enable Time, tpis 


Data Latency, t_at For a Valid Sample (Note 2) 


N 


Cycles 


Power-Up Initialization Data Invalid Time (Note 2) Cycles 


Sample Clock Pulse Width (Low) fs = 40 MSPS 13 12.5 


Sample Clock Pulse Width (High) fs = 40 MSPS 11.3 12.5 


Sample Clock Duty Cycle Variation fs = 40 MSPS 


ite 


PS 


POWER SUPPLY CHARACTERISTICS 


Digital Supply Voltage, DVcc 4.75 


Digital Output Supply Voltage, DVccea At 3.0V 
At 5.0V 4.75 


Power Dissipation fin = 1MHz and DFS = “0” 


o 
nN 


ro) wo 
Oo 


5.0 


ae) 
N 


3.3 


Cas 
Sovewenicc iw | 


NOTES: 
2. Parameter guaranteed by design or characterization and not production tested. 
3. With the clock low and DC input. 
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Timing Waveforms 


ANALOG 
INPUT 


CLOCK 
INPUT SN-1\HN-17 SN Hn §Sn41¥HN+17 SN+2 Sn+5\HnN+57 Sn+6\Hn+6f Sn+7)HN+ 77 Snes) HnNe8 


1ST " 
2ND 


9TH = = ; : : : : 


DATA 


Dn . ) D 
Poni n-7 XX On-6 GD GL Gl Gia 


| 


NOTES: 
4. Sy: N-th sampling period. 
5. Hy: N-th holding period. 
6. By, xn: M-th stage digital output corresponding to N-th sampled input. 
7. Dy: Final data output corresponding to N-th sampled input. 


FIGURE 1. HI5767 INTERNAL CIRCUIT TIMING 


ANALOG 
INPUT 
—>| tap eae 
>| ta|=<— 
I 
CLOCK 
INPUT 1.5V 1.5V 
I 
I 
1 i top = 
| ' I 
—_ ty =_- 
2.4V 
DATA DATA N-1 »'< DATA N 
OUTPUT 0.5V 


FIGURE 2. INPUT-TO OUTPUT TIMING 
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Detailed Description 
Theory of Operation 


The HI5767 is a 10-bit fully differential sampling pipeline A/D 
converter with digital error correction logic. Figure 3 depicts 
the circuit for the front end differential-in-differential-out sam- 
ple-and-hold (S/H). The switches are controlled by an internal 
sampling clock which is a non-overlapping two phase signal, 
®, and bo, derived from the master sampling clock. During 
the sampling phase, ®,, the input signal is applied to the 
sampling capacitors, Cs. At the same time the holding capac- 
itors, Cy, are discharged to analog ground. At the falling edge 
of ©, the input signal is sampled on the bottom plates of the 
sampling capacitors. In the next clock phase, ®o, the two bot- 
tom plates of the sampling capacitors are connected together 
and the holding capacitors are switched to the op-amp output 
nodes. The charge then redistributes between Cs and Cy 
completing one sample-and-hold cycle. The front end sample- 
and-hold output is a fully-differential, sampled-data represen- 
tation of the analog input. The circuit not only performs the 
sample-and-hold function but will also convert a single-ended 
input to a fully-differential output for the converter core. During 
the sampling phase, the Vix pins see only the on-resistance 
of a switch and Cs. The relatively small values of these com- 
ponents result in a typical full power input bandwidth of 
250M#z for the converter. 


D; 
VIN+ 
© VouT+ 
2 
Vout- 
VIN- 
0; 


FIGURE 3. ANALOG INPUT SAMPLE-AND-HOLD 


As illustrated in the functional block diagram and the timing 
diagram in Figure 1, eight identical pipeline subconverter 
stages, each containing a two-bit flash converter and a two- 
bit multiplying digital-to-analog converter, follow the S/H cir- 
cuit with the ninth stage being a two bit flash converter. Each 
converter stage in the pipeline will be sampling in one phase 
and amplifying in the other clock phase. Each individual sub- 
converter clock signal is offset by 180 degrees from the 
previous stage clock signal resulting in alternate stages in 
the pipeline performing the same operation. 


The output of each of the eight identical two-bit subconverter 
stages is a two-bit digital word containing a supplementary bit 
to be used by the digital error correction logic. The output of 
each subconverter stage is input to a digital delay line which is 
controlled by the internal sampling clock. The function of the 
digital delay line is to time align the digital outputs of the eight 
identical two-bit subconverter stages with the corresponding 
output of the ninth stage flash converter before applying the 
eighteen bit result to the digital error correction logic. The digi- 
tal error correction logic uses the supplementary bits to 


correct any error that may exist before generating the final ten 
bit digital data output of the converter. 


Because of the pipeline nature of this converter, the digital 
data representing an analog input sample is output to the 
digital data bus on the 7th cycle of the clock after the analog 
sample is taken. This time delay is specified as the data 
latency. After the data latency time, the digital data repre- 
senting each succeeding analog sample is output during the 
following clock cycle. The digital output data is synchronized 
to the external sampling clock by a double buffered latching 
technique. The digital output data is available in two’s com- 
plement or offset binary format depending on the state of the 
Data Format Select (DFS) control input (see Table 1, A/D 
Code Table). 


Internal Reference Voltage Output, Veerout 


The HI5767 is equipped with an internal reference voltage 
generator, therefore, no external reference voltage is required. 
VREFOUT Must be connected to Vrerin when using the 
internal reference voltage. 


An internal band-gap reference voltage followed by an 
amplifier/buffer generates the precision +2.5V reference 
voltage used by the converter. A 4:1 array of substrate 
PNPs generates the “delta-Vgre” and a two-stage op-amp 
closes the loop to create an internal +1.25V band-gap 
reference voltage. This voltage is then amplified by a wide- 
band uncompensated operational amplifier connected in a 
gain-of-two configuration. An external, user-supplied, 
0.1p.F capacitor connected from the VaerFoyrt output pin to 
analog ground is used to set the dominant pole and to 
maintain the stability of the operational amplifier. 


Reference Voltage Input, Vrerin 


The HI5767 is designed to accept a +2.5V reference voltage 
source at the Vrerin input pin. Typical operation of the con- 
verter requires Vrefin to be set at +2.5V. The HI5767 is 
tested with Vrerin connected to Vrerourt yielding a fully 
differential analog input voltage range of +0.5V. 


The user does have the option of supplying an external +2.5V 
reference voltage. As a result of the high input impedance pre- 
sented at the Vrerin input pin, 2.5kQ typically, the external 
reference voltage being used is only required to source 1mA 
of reference input current. In the situation where an external 
reference voltage will be used an external 0.1uF capacitor 
must be connected from the Vraerourt output pin to analog 
ground in order to maintain the stability of the internal 
operational amplifier. 


In order to minimize overall converter noise it is recommended 
that adequate high frequency decoupling be provided at the 
reference voltage input pin, VReFIN. 


Analog Input, Differential Connection 


The analog input to the HI5767 is a differential input that can 
be configured in various ways depending on the signal 
source and the required level of performance. A fully 
differential connection (Figure 4 and Figure 5) will deliver the 
best performance from the converter. 
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FIGURE 4. AC COUPLED DIFFERENTIAL INPUT 


Since the HI5767 is powered by a single +5V analog supply, 
the analog input is limited to be between ground and +5V. 
For the differential input connection this implies the analog 
input common mode voltage can range from 0.25V to 4.75V. 
The performance of the ADC does not change significantly 
with the value of the analog input common mode voltage. 


A DC voltage source, Voc, equal to 3.2V (typical), is made 
available to the user to help simplify circuit design when using 
an AC coupled differential input. This low output impedance 
voltage source is not designed to be a reference but makes an 
excellent DC bias source and stays well within the analog 
input common mode voltage range over temperature. 


For the AC coupled differential input (Figure 4) and with 
VREFIN Connected to VReFouT; full scale is achieved when 
the Vix, and -Vixy input signals are 0.5Vp_p, with -Vijy being 
180 degrees out of phase with Vij. The converter will be at 
positive full scale when the Vijj+ input is at Voc + 0.25V and 
the Vin- input is at Voc - 0.25V (Vint - Vin- = +0.5V). Con- 
versely, the converter will be at negative full scale when the 
Vint input is equal to Vpc-0.25V and Vjiny- is at 
Voc + 0.25V (Vint - Vin- = -0.5V). 


The analog input can be DC coupled (Figure 5) as long as 
the inputs are within the analog input common mode voltage 
range (0.25V < VDC < 4.75V). 


vbc 


FIGURE 5. DC COUPLED DIFFERENTIAL INPUT 


The resistors, R, in Figure 5 are not absolutely necessary 
but may be used as load setting resistors. A capacitor, C, 
connected from Vijy+ to Vix- will help filter any high fre- 
quency noise on the inputs, also improving performance. 
Values around 20pF are sufficient and can be used on AC 
coupled inputs as well. Note, however, that the value of 
Capacitor C chosen must take into account the highest 
frequency component of the analog input signal. 


Analog Input, Single-Ended Connection 


The configuration shown in Figure 6 may be used with a 
single ended AC coupled input. 


Vint 
HI5767 


ViN- 


FIGURE 6. AC COUPLED SINGLE ENDED INPUT 


Again, with Veerin connected to VReFourt, if Vin is a 1Vp-_p 
sinewave, then Vi\+ is a 1.0Vp.p sinewave riding on a posi- 
tive voltage equal to VDC. The converter will be at positive full 
scale when Vi\+ is at VDC + 0.5V (Vint - Vin- = +0.5V) and 
will be at negative full scale when Vjy+ is equal to 
VDC - 0.5V (Vint - Vin- = -0.5V). Sufficient headroom must 
be provided such that the input voltage never goes above +5V 
or below AGND. In this case, VDC could range between 0.5V 
and 4.5V without a significant change in ADC performance. 
The simplest way to produce VDC is to use the DC bias 
source, Voc, output of the HI5767. 


The single ended analog input can be DC coupled 
(Figure 7) as long as the input is within the analog input 
common mode voltage range. 

VIN 


Voc Vint 


HI5767 


Voc VIN- 


FIGURE 7. DC COUPLED SINGLE ENDED INPUT 


The resistor, R, in Figure 7 is not absolutely necessary but 
may be used as a load setting resistor. A capacitor, C, con- 
nected from Vin+ to Vin- will help filter any high frequency 
noise on the inputs, also improving performance. Values 
around 20pF are sufficient and can be used on AC coupled 
inputs as well. Note, however, that the value of capacitor C 
chosen must take into account the highest frequency 
component of the analog input signal. 


A single ended source may give better overall system 
performance if it is first converted to differential before 
driving the HI5767. 


Digital Output Control and Clock Requirements 


The HI5767 provides a standard high-speed interface to 
external TTL logic families. 


In order to ensure rated performance of the HI5767, the duty 
cycle of the clock should be held at 50% +5%. It must also 
have low jitter and operate at standard TTL levels. 


Performance of the HI5767 will only be guaranteed at 
conversion rates above 1 MSPS. This ensures proper perfor- 
mance of the internal dynamic circuits. Similarly, when 
power is first applied to the converter, a maximum of 20 
cycles at a sample rate above 1 MSPS will have to be 
performed before valid data is available. 
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A Data Format Select (DFS) pin is provided which will deter- 
mine the format of the digital data outputs. When at logic 
low, the data will be output in offset binary format. When at 


TABLE 1. A/D CODE TABLE 
OFFSET BINARY OUTPUT CODE TWO’S COMPLEMENT OUTPUT CODE 
(DFS LOW) (DFS HIGH) 
L L 
Ss Ss 
B B 


logic high, the data will be output in two’s complement 
format. Refer to Table 1 for further information. 


DIFFERENTIAL 


INPUT 
CODE CENTER VOLTAGE . : 
DESCRIPTION (Vint - Vin-) 


+Full Scale (+FS) 0.499756V 
-1/, LSB 


rs-tMglse | oserrev fit ttt tt tsis|s | 
Ca aoe oo oonoooog ooooogdod 
pe fi bp bp 


-FS + 13/4 LSB o.ags2a1v. fo | 0| 


NOTE: 


ae Scale (-FS) + -0.499268V 
3/4 LSB 


8. The voltages listed above represent the ideal center of each output code shown with Vrerin = +2.5V. 


The output enable pin, OE, when pulled high will three-state 
the digital outputs to a high impedance state. Set the OE 
input to logic low for normal operation. 


OE INPUT DIGITAL DATA OUTPUTS 
a 
High impedance 


Supply and Ground Considerations 


The HI5767 has separate analog and digital supply and ground 
pins to keep digital noise out of the analog signal path. The dig- 
ital data outputs also have a separate supply pin, DVcco, 
which can be powered from a 3.0V or 5.0V supply. This allows 
the outputs to interface with 3.0V logic if so desired. 


The part should be mounted on a board that provides 
separate low impedance connections for the analog and dig- 
ital supplies and grounds. For best performance, the 
supplies to the HI5767 should be driven by clean, linear reg- 
ulated supplies. The board should also have good high 
frequency decoupling capacitors mounted as close as possi- 
ble to the converter. If the part is powered off a single supply 
then the analog supply and ground pins should be isolated 
by ferrite beads from the digital supply and ground pins. 


Refer to the application note “Using Harris High Speed A/D 
Converters” (AN9214) for additional considerations when 
using high speed converters. 


Static Performance Definitions 


Offset Error (Vos) 


The midscale code transition should occur at a level "4 LSB 
above half-scale. Offset is defined as the deviation of the 
actual code transition from this point. 


Full-Scale Error (FSE) 


The last code transition should occur for an analog input that 
is 3/4 LSB below Positive Full Scale (+FS) with the offset 
error removed. Full scale error is defined as the deviation of 
the actual code transition from this point. 


Differential Linearity Error (DNL) 


DNL is the worst case deviation of a code width from the 
ideal value of 1 LSB. 


Integral Linearity Error (INL) 


INL is the worst case deviation of a code center from a best 
fit straight line calculated from the measured data. 


Power Supply Sensitivity 


Each of the power supplies are moved plus and minus 5% and 
the shift in the offset and full scale error (in LSBs) is noted. 


Dynamic Performance Definitions 


Fast Fourier Transform (FFT) techniques are used to evaluate 
the dynamic performance of the HI5767. A low distortion sine 
wave is applied to the input, it is coherently sampled, and the 
output is stored in RAM. The data is then transformed into the 
frequency domain with an FFT and analyzed to evaluate the 
dynamic performance of the A/D. The sine wave input to the 
part is typically -0.5dB down from full scale for all these tests. 


SNR and SINAD are quoted in dB. The distortion numbers 
are quoted in dBc (decibels with respect to carrier) and DO 
NOT include any correction factors for normalizing to full 
scale. 
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The Effective Number of Bits (ENOB) is calculated from the 
SINAD data by: 


ENOB = (SINAD - 1.76 + Vcorp) / 6.02, 
where: Vcoorr = 0.5 dB (Typical). 


Voorr adjusts the SINAD, and hence the ENOB, for the 
amount the analog input signal is backed off from full scale. 


Signal To Noise and Distortion Ratio (SINAD) 


SINAD is the ratio of the measured RMS signal to RMS sum of 
all the other spectral components below the Nyquist frequency, 
fs/2, excluding DC. 


Signal To Noise Ratio (SNR) 


SNR is the ratio of the measured RMS signal to RMS noise at 
a specified input and sampling frequency. The noise is the 
RMS sum of all of the spectral components below fs/2 
excluding the fundamental, the first five harmonics and DC. 


Total Harmonic Distortion (THD) 


THD is the ratio of the RMS sum of the first 5 harmonic 
components to the RMS value of the fundamental input signal. 


2nd and 3rd Harmonic Distortion 


This is the ratio of the RMS value of the applicable harmonic 
component to the RMS value of the fundamental input signal. 


Spurious Free Dynamic Range (SFDR) 


SFDR is the ratio of the fundamental RMS amplitude to the 
RMS amplitude of the next largest spectral component in the 
spectrum below fs/2. 


intermodulation Distortion (IMD) 


Nonlinearities in the signal path will tend to generate 
intermodulation products when two tones, f; and fo, are 
present at the inputs. The ratio of the measured signal to 
the distortion terms is calculated. The terms included in 
the calculation are (fy+fo), (fy-fo), (2f1), (2fo), (2f+f2), 
(2f4-fo), (f4+2fo), (f1-2f2). The ADC is tested with each 
tone 6dB below full scale. 


Transient Response 


Transient response is measured by providing a_ full-scale 
transition to the analog input of the ADC and measuring the 
number of cycles it takes for the output code to settle within 10-bit 
accuracy. 


Over-Voltage Recovery 


Over-Voltage Recovery is measured by providing a full-scale 
transition to the analog input of the ADC which overdrives 
the input by 200mV, and measuring the number of cycles it 
takes for the output code to settle within 10-bit accuracy. 


Full Power Input Bandwidth (FPBW) 


Full power input bandwidth is the analog input frequency at 
which the amplitude of the digitally reconstructed output has 
decreased 3dB below the amplitude of the input sine wave. 
The input sine wave has an amplitude which swings from 


-FS to +FS. The bandwidth given is measured at the 
specified sampling frequency. 


Video Definitions 


Differential Gain and Differential Phase are two commonly 
found video specifications for characterizing the distortion of 
a chrominance signal as it is offset through the input voltage 
range of an ADC. 


Differential Gain (DG) 


Differeniial Gain is the peak difference in chrominance 
amplitude (in percent) relative to the reference burst. 


Differential Phase (DP) 


Differential Phase is the peak difference in chrominance 
phase (in degrees) relative to the reference burst. 


Timing Definitions 
Refer to Figure 1 and Figure 2 for these definitions. 


Aperture Delay (tap) 


Aperture delay is the time delay between the external sam- 
ple command (the falling edge of the clock) and the time at 
which the signal is actually sampled. This delay is due to 
internal clock path propagation delays. 


Aperture Jitter (tay) 


Aperture jitter is the RMS variation in the aperture delay due 
to variation of internal clock path delays. 


Data Hold Time (ty) 


Data hold time is the time to where the previous data (N - 1) 
is no longer valid. 


Data Output Delay Time (top) 


Data output delay time is the time to where the new data (N) 
is valid. 


Data Latency (t_at) 


After the analog sample is taken, the digital data representing 
an analog input sample is output to the digital data bus on 
the 7th cycle of the clock after the analog sample is taken. 
This is due to the pipeline nature of the converter where the 
analog sample has to ripple through the internal subconverter 
stages. This delay is specified as the data latency. After the 
data latency time, the digital data representing each suc- 
ceeding analog sample is output during the following clock 
cycle. The digital data lags the analog input sample by 7 
sample clock cycles. 


Power-Up Initialization 


This time is defined as the maximum number of clock cycles 
that are required to initialize the converter at power-up. The 
requirement arises from the need to initialize the dynamic 
circuits within the converter. 
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Features 

¢ Throughput Rate .............. cee ee eeees 3 MSPS 
e 12-Bit, No Missing Codes Over Temperature 

e Integral Linearity Error ...............000- 1.0 LSB 
¢ Buffered Sample and Hold Amplifier 

e Precision Voltage Reference 

* Input Signal RANG? ..ccccccccswrsswwdeswwns +2.5V 
¢ 20MHz Input BW Allows Sampling Beyond Nyquist 

e Zero Latency/No Pipeline Delay 


Applications 


¢ High Speed Data Acquisition Systems 
e Medical Imaging 

e Radar Signal Analysis 

e Document and Film Scanners 

e Vibration/Waveform Spectrum Analysis 


Digital Servo Control 


HI5800 


12-Bit, 3 MSPS, Sampling A/D Converter 


Description 


The HI5800 is a monolithic, 12-bit, sampling Analog-to- 
Digital Converter fabricated in the HBC10 BiCMOS process. 
It is a complete subsystem containing a sample and hold 
amplifier, voltage reference, two-step subranging A/D, error 
correction, control logic, and timing generator. The HI5800 is 
designed for high speed applications where wide bandwidth, 


accuracy and low distortion are essential. 
Ordering Information 


PART 
NUMBER | LINEARITY 


HI5800BID +1 LSB -40 to85|40LdSBDIP |D40.6 
HI5800JCD +2 LSB Oto70 |40LdSBDIP |D40.6 
HI5800KCD +1 LSB 


HI5800-EV p25 Evaluation Board 


Pinout 


HI5800 
(SBDIP) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 
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Functional Block Diagram 


REFout 


REF iw 


ADJ+ 
ADJ- 


VIN 


AVcc AVeE DVcc DVeg AGND DGND 


Typical Application Schematic 


C23) +10uF li 
C22,, O.1yF (22) (LSB) DO 
C1), 0.01nF 
REF_IN (1) 
- REF_OUT(5) (25) D3 
AGND (7) 27) D5 
Ld aanp (12) ei 
-— AGND (31) (99) 7 
DGND (19) (34) pg 
ae (32) 
Vv Vin (6 
"NE a“ (37) (MSB) D11 
CONV “L. © CONV (17) 
OE OE (16 
AO eae AO i ; (33) DVec 
AVcc 
RQ 
10K RO_ADJ (2) 
RG_ADJ (3) 
AVEE 
ADJ+(8) 
TOK ba) ADJ- (9) 


5 ~ 
e = 
wi Oo 
ved = 
B s 
as) 5 
co a 
re] 

e : 
Ww 


CONTROL 
LOGIC 
AND 
TIMING 


RGapJ ROapy 


© snc 
D1 & ano 


10uF, 0.1.F, AND 0.01,F CAPS ARE PLACED 
AS CLOSE TO PART AS POSSIBLE 


O.1nF = 10uF 


+ 
10uF 


t J 


0.1pF 
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Absolute Maximum Ratings Thermal Information 

Supply Voltages Thermal Resistance (Typical, Note 1) Oya (CC/W) jc (CCW) 
AVeG OF DVGECIOGGND is cncc cadavers seamanenareeenas +5.5V SDDIP PACKAQ@: ois ccsacccae nen as 40 15 
Pfece OF Over WONG cc cctacicenscenstndwwn atiesness -5.5V Maximum Junction Temperature 
CE BN n.0 4 cheese 2 exkdanieneenndognsesnne +0.3V LAr CORREE sy so cnnend sae cant.ceeeotaakeeneagees 175°C 

Analog Input Pins Maximum Storage Temperature Range .......... -65°C to 150°C 
Merrence INpit REP QE. ccsccnivce ies eaenwen eee an ee +2.75V Maximum Lead Temperature (Soldering, 10s) ............ 300°C 
SIGtal (NPUE Ving oa 2nd hewn ec deensnd ec tweewe +(REFiy +0.2V) 

ROan), AGaps, ADU, ADI. ccc encecnwesaenn wavs Veg to Vcc 

DiGIAYO PING cxcsacdevecens se taxsaeeacameneas GND to Vcc 


Operating Conditions 


Temperature Range 
ge ce. Sn re a 0°C to 70°C 
PIBSUOBIG <ccu neve cay esesussaeesauseeniad -40°C to 85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications AVoc = +5V, DVcc = +5V, AVeg = -5V, DVeg = -5V; Internal Reference Used 


Unless Otherwise Specified 
[HiseG0Ko, HSODDBIO 
ot 
-40°C TO 85°C 
PARAMETER 


SYSTEM PERFORMANCE 


Resolution 


fg = 3MHZ, fin = 45Hz Ramp 


Differential Linearity Error, DNL fg = 3MHzZ, fin = 45Hz Ramp 
(Guaranteed No Missing Codes) 
Offset Error, Vos 


(Adjustable to Zero) 


Full Scale Error, FSE 
(Adjustable to Zero) 


DYNAMIC CHARACTERISTICS (input Signal Level 0.5dB Below Full Scale) 


Theo poMearacooes ae | | 7] pare 
Srl nov aio SiR) ——[gnaein=aore | wm | @ | - | | | 


_ RMS Signal fg = 3MHz, fiy = 1MHz 67 67 
RMS Noise 


Salo nos ao GAD Pee 


7 RMS Signal 
~ RMS Noise + Distortion 


Total Harmonic Distortion, THD 


Spurious Free Dynamic Range, 
SFDR 
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Electrical Specifications AVoc = +5V, DVcc = +5V, AVeg = -5V, DVeg = -5V; Internal Reference Used 
Unless Otherwise Specified (Continued) 


PARAMETER TEST CONDITIONS 


Intermodulation Distortion, IMD fg = 3MHz, f1 = 49KHz, 
fo = 50KHz 


Differential Gain fg = 1MHz 
Differential Phase fs = 1MHz 


HI5800JCD HI5800KCD, HI5800BID 


0°C TO 70°C 


0°C TO 70°C -40°C TO 85°C 


Y 


ih a 


Y UNITS 


dBc 


0.05 0.05 Degrees 
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ro) 
@O 
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on w 
+ 
A NS 
>) N 
+ 
—_ 
fo) 


Input Bandwidth 


INTERNAL VOLTAGE REFERENCE 


MHz 


Reference Output Voltage, 2.450 2.500 2.550 2.470 2.500 2.530 V 


Reference Output Current 


Reference Temperature 


oO 


_ 
Ww 


ppm/°C 


> 


REFERENCE INPUT 


Reference Input Range 2.6 


200 


ie) 
uo 


Nn 
on 
nm 
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EE 


nN 
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+ 
—_ 
oO 


no) 


=) =] 
® = 
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> — 
- a 
‘e) a 
Cc 
= 2 
U R 
Cc 7) 
= 4 
n” ae 
~ 
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= 
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° 
< 
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< 
EE 
an 
oO 


2.4 


Output Logic High Voltage, Voy lout = -160nA 


Output Logic High Current, low ae -0.160 | 6 


Output Three-State Leakage Vout = OV, 5V +1 +10 = +10 pA 
Current, loz 


TIMING CHARACTERISTICS 
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Electrical Specifications AVoc = +5V, DVoc = +5V, AVeg = -5V, DVeg = -5V; Internal Reference Used 
Unless Otherwise Specified (Continued) 


HI5800JCD HI5800KCD, HI5800BID 
0°C TO 70°C 
0°C TO 70°C -40°C TO 85°C 


TT 


PARAMETER TEST CONDITIONS 


= 


= aaitt aaa 
oO; a} © oO oO oO 


CS to CONV Setup Time, to Note 3) 


(Note 3) 


] 


CONV to CS Setup Time, ts 


or 
— 
_ 
on 


Minimum OE Pulse, tg 


Zz 
° 
Comal 
© 
” 
jee) 


CS to OE Setup Time, ts ) 


OE to CS Setup Time, tg 


—a~ | —~ | — 
ai zi z 
2) fe} ° 
+ i - 
oO ra) [> 
ie) ie) w 
— jj — 


IRQ Delay from Start Convert, t7 


—_ 


IRQ Pulse Width, tg JCD, KCD 


Minimum Cycle Time for 


2) 
° 
3 
< 
oO 
= 
2 
ce) 
=] 
= 
wo 


IRQ to Data Valid Delay, tyo ) 


Minimum AO Pulse, ty4 
Data Access from OE Low, tyo 

LSB, Nibble Delay from AO High, t;3] (Note 3) 
MSB Delay from AO Low, t14 


CS to Float Delay, ty5 


st 


a za = Pd ze Zz 
Oo1olo Ool1lolo 
tn al Comal Comal “se toma mal 
olol o ololo 
© wl wo oi?’ i wo 
Woin~i~ — Ww 

Bia J 


Minimum CS Pulse, ty 


CS to Data Valid Delay, t17 (Note 3) 
Output Fall 2 Time, ts 


zi|2z 
° ° 
al onal 
@O oO 
Lj,L 


Output Rise Time, t, 


POWER SUPPLY CHARACTERISTICS 


Moo eT 


17 


io) 


15 


oO 


1 


a 
PSRR Voc, VEE +5% 


NOTE: 
2. Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 


3. Parameter guaranteed by design or characterization and not production tested. 

4. Recommended pulse width for CONV is 60ns. 

5. Recommended minimum pulse width is 25ns. 

6. This is the additional current available from the REFoyrt pin with the REFoyr pin driving the REFyy pin. 
7. The AO pin Vj} at -40°C may exceed 2.0V by up to 0.4V at initial power up. 

8. Excludes error due to internal reference temperature drift. 
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Timing Diagrams 


DATA VALID N-1 DATA N DATA 


OE ! . 
| 
I I 
camsiies! t15 |<— | 
' ] 1 
DO - D11, OVF N DATA 
i] r] 1 ! 
| sie. ti2 ee —>| tz) 


FIGURE 1. SINGLE SHOT TIMING 


2 ' tg ts tg 
CONV ; OE 
—  _ Nf 
FIGURE 2A. START CONVERSION SETUP TIME FIGURE 2B. OUTPUT ENABLE SETUP TIME 
CONV 


—>| ty |<— 
ACQUIRE N N CONVERSION ‘\ ACQUIRE N+1 “/N+1 CONVERSION 
=<— ts ; 


|<__—_—_——— t, >| | tip 


DATA VALID N-1 DATA N DATA N +1 DATA 


ml | 


| 
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| | 
D3 - DO, 0000 11 - Dd} D11-D4 
! 
DO - D11, OVF a N DATA N +1 DATA 


—>| t12 |=— 


FIGURE 3. CONTINUOUS CONVERSION TIMING 
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Typical Performance Curves 


20K 200K 2M 
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FIGURE 4. TYPICAL SNR vs INPUT FREQUENCY 
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FIGURE 6. TYPICAL SINAD vs INPUT FREQUENCY 
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ro) 


INPUT FREQUENCY (Hz) 


FIGURE 8. TYPICAL EFFECTIVE NUMBER OF BITS vs INPUT 
FREQUENCY 
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FIGURE 5. TYPICAL THD vs INPUT FREQUENCY 
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FIGURE 7. TYPICAL SFDR vs INPUT FREQUENCY 
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FIGURE 9. EFFECTIVE NUMBER OF BITS vs REFERENCE 
VOLTAGE (fs = 3MHz, fjy = 20kHz) 
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Typical Performance Curves (Continued) 
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FIGURE 10. DIFFERENTIAL NON-LINEARITY 
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FIGURE 12. FFT SPECTRAL PLOT FOR fy = 20kHz, fg = 3MHz 
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FIGURE 14. FFT SPECTRAL PLOT FOR fy = 2MHz, fg = 3MHz 


1.0 


Pere 5 Perret Tere t«si‘(‘(‘(a.. sf Tl eee ees Cee ee cd 


INL ERROR (LSB) 
° 


| | scsnideitoaces ncenesegepentee bas | ah Ss 


4000 


3000 


2000 
CODE 


0 1000 


FIGURE 11. INTEGRAL NON-LINEARITY 


OUTPUT LEVEL (dB) 


1.095M 
FREQUENCY (Hz) 


FIGURE 13. FFT SPECTRAL PLOT FOR fix = 1MHz, fg = 3MHz 
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FIGURE 15. INTERMODULATION DISTORTION PLOT FOR 
fin = 49kHz, 50kHz at fg = 3MHz 
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Pin Descriptions 


| PIN # | SYMBOL PIN DESCRIPTION 
External Reference Input. 


ROapy | DAC Offset Adjust (Connect to AGND If Not Used). 
RGapy | DAC Gain Adjust (Connect to AGND If Not Used). 
AVcc 
REFout 
NC 
VIN 
AGND 
ADJ+ 
ADu- 
AVEE 
AVcc 
AGND 
AVEE 


Analog Positive Power Supply, +5V. 


ao 


Internal Reference Output, +2.5V. 
No Connection. 

Analog Input Voltage. 

7 Analog Ground. 

Sample/Hold Offset Adjust (Connect to AGND If Not Used). 
Sample/Hold Offset Adjust (Connect to AGND If Not Used). 
10 Analog Negative Power Supply, -5V. 
11 
12 
13 


4 


Analog Positive Power Supply, +5V. 
Analog Ground. 


Analog Negative Power Supply, -5V. 


> 
>) 


Output Byte Control Input, active low. When low, data is presented as a 12-bit word or the upper byte (D11 - D4) in 
8-bit mode. When high, the second byte contains the lower LSBs (D3 - DO) with 4 trailing zeroes. See Text. 


— 
on 


Chip Select Input, active low. Dominates all control inputs. 


C No Connection. 


Convert Start Input. Initiates conversion on the falling edge. If held low, continuous conversion mode overrides and 


16 Output Enable Input, active low. 


remains in effect until the input goes high. 


18 
19 
20 
2 


A 


Data Bit 0, (LSB) 


Data Bit 1 


23 D 


NM] Ph 
oy > 


D 


ye] 
fe») 


Data Bit 4 


Data Bit 2 


27 


Data Bit 5. 
Data Bit 6. 


D 


Data Bit 7 


QO 
Oo =| 2 
= n 
< 


30 
31 
32 
33 
34 
35 


AVeE Analog Negative Power Supply, -5V. 


AGND _ | Analog Ground 


DGND _ | Digital Ground 
DVcc Digital Positive Power Supply, +5V. 


Data Bit 3. 


Data Bit 8 


Data Bit 9. 


1 
3 
NC 
7 
Cc 


N 


ié) 
N 


(o) = 


4-373 


A/D CONVERTERS 


HIGH SPEED 


HI5800 


Description 


The HI5800 is a 12-bit, two-step, sampling analog-to-digital 
converter which uses a subranging technique with digital 
error correction. As illustrated in the block diagram, it uses a 
sample and hold front end, 7-bit, R-2R D/A converter which 
is laser trimmed to 14 bits accuracy, a 7-bit BICMOS flash 
converter, precision bandgap reference, digital controller and 
timing generator, error correction logic, output latches and 
BiCMOS output drivers. 


The falling edge of the convert command signal puts the 
sample and hold (S/H) in the hold mode and the conversion 
process begins. At this point the Interrupt Request (IRQ) line 
is set high indicating that a conversion is in progress. The 
output of the S/H circuit drives the input of the 7-bit flash 
converter through a switch. After allowing the flash to settle, 
the intermediate output of the flash is stored in the latches 
which feed the D/A and error correction logic. The D/A 
reconstructs the analog signal and feeds the gain amplifier 
whose summing node subtracts the held signal of the S/H 
and amplifies the residue by 32. This signal is then switched 
to the flash for a second pass using the input switch. The 
output of the second flash conversion is fed directly to the 
error correction which reconstructs the twelve bit word from 
the fourteen bit input. The logic also decodes the overflow bit 
and the polarity of the overflow. The output of the error cor- 
rection is then gated through the read controller to the output 
drivers. The data is ready on the bus as soon as the IRQ line 
goes low. 


/O Control Inputs 


The converter has four active low inputs (CS, CONV, OE and 
AO) and fourteen outputs (DO - D11, IRQ and OVF). All 
inputs and outputs are TTL compatible and will also interface 
to the newer TTL compatible families. All four inputs are 
CMOS high input impedance stages and all outputs are 
BiMOS drivers capable of driving 100pF loads. 


In order to initiate a conversion or read the data bus, CS should 
be held low. The conversion is initiated by the falling edge of the 
CONV command. The OE input controls the output bus directly 
and is independent of the conversion process. The data on the 
bus changes just before the IRQ goes low. Therefore if the OE 
line is held low all the time, the data on the bus will change just 
before the IRQ line goes low. The byte control signal AO is also 
independent of the conversion process and the byte can be 
manipulated anytime. When AO is low the 12-bits and overflow 
word is read on the bus. The bus can also be hooked up such 
that the upper byte (D11 - D4) is read when AO is low. When AO 
is high, the lower byte (D3 - DO) is output on the same eight 
pins with trailing zeros. 


In order to minimize switching noise during a conversion, 
byte manipulations done using the AO signal should be done 
in the single shot mode and AO should be changed during 
the acquisition phase. For accuracy, allow sufficient time for 
settling from any glitches before the next conversion. 


Once a conversion is started, the converter will complete the 
conversion and acquisition periods irrespective of the input 
states. If during these cycles another convert command is 
issued, it will be ignored until the acquire phase is complete. 


Stand Alone Operation 


The converter can be operated in a stand alone configura- 
tion with bus inputs controlling the converter. The conversion 
will be started on the negative edge of the convert (CONV) 
pulse as long as this pulse is less than the converter 
throughput rate. If the converter is given multiple convert 
commands, it will ignore all but the first command until such 
time when the acquisition period of the next cycle is com- 
plete. At this point it will start a new conversion on the first 
negative edge of the input command. This allows the con- 
verter to be synchronized to a multiple of a faster external 
clock. The new output data of the conversion is available on 
the same cycle at the negative edge of the IRQ pulse and is 
valid until the next negative edge of the IRQ pulse. Data may 
be accessed at any time during these cycles. It should be 
noted that if the data bus is kept enabled all the time (OE is 
low), then the data will be updating just before the IRQ goes 
low. During this time, the data may not be valid for a few 
nanoseconds. 


Continuous Convert Mode 


The converter can be operated at its maximum rate by taking 
the CONV line low (supplying the first negative edge) and 
holding it low. This enables the continuous convert mode. 
During this time, at the end of the internal acquisition period, 
the converter automatically starts a new conversion. The 
data will be valid between the IRQ negative edges. 


Note that there is no pipeline delay on the data. The output 
data is available during the same cycle as the conversion 
and is valid until the next conversion ends. This allows data 
access to both previous and present conversions in the 
same cycle. 


When initiating a conversion or a series of conversions, the 
last signal (CS and CONV) to arrive dominates the function. 
The same condition holds true for enabling the bus to read 
the data (CS and OE). To terminate the bus operations, the 
first signal (CS and OE) to arrive dominates the function. 


interrupt Request Output 


The interrupt request line (IRQ) goes high at the start of 
each conversion and goes low to indicate the start of the 
acquisition. During the time that IRQ is high, the internal 
sample and hold is in hold mode. At the termination of IRQ, 
the sample and hold switches to acquire mode which lasts 
approximately 100ns. If no convert command is issued for a 
period of time, the sample and hold simply remains in 
acquire mode tracking the analog input signal until the next 
conversion cycle is initiated. The IRQ line is the only output 
that is not three-stateable. 


Analog Input, Vin 


The analog input of the HI5800 is coupled into the input 
stage of the Sample and Hold amplifier. The input is a high 
impedance bipolar differential pair complete with an ESD 
protection circuit. Typically it has >3MQ input impedance. 
With this high input impedance circuit, the HI5800 is easily 
interfaced to any type of op amp without a requirement for a 
high drive capability. Adequate precautions should be taken 
while driving the input from high voltage output op amps to 
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ensure that the analog input pin is not overdriven above the 
specified maximum limits. For a +2.5V reference, the analog 
input range is +2.5V. This input range scales with the value 
of the external reference voltage if the internal reference is 
not used. For best performance, the analog ground pin next 
to the analog input should be utilized for signal return. 


Figures 16 and 17 illustrate the use of an input buffer as a 
level shifter to convert a unipolar signal to the bipolar input 
used by the HI5800. Figure 16 is an example of a non-invert- 
ing buffer that takes a O to 2.5V input and shifts it to +2.5V. 
The gain can be calculated from: 


R2 R1 
Your * [1 * (RTIRS) TRS xVin- ee : | * VOFFSET 


RiIIR, = -RIRS 


3 ~ RT+R3 


VOFFSET 


FIGURE 16. NON-INVERTING BUFFER 


Figure 17 is an example of an inverting buffer that level shifts 
a OV to 5V input to +2.5V. Its gain can be calculated from: 


VIN 


VOFFSET 


FIGURE 17. INVERTING BUFFER 


Note that the correct op amp must be chosen in order to not 
degrade the overall dynamic performance of the circuit. 
Recommended op amps are called out in the figures. 


Voltage Reference, REFoyt 


The HI5800 has a curvature corrected internal band-gap 
reference generator with a buffer amplifier capable of driving 
up to 15mA. The band-gap and amplifier are trimmed to give 
+2.50V. When connected to the reference input pin REFiy, 
the reference is capable of driving up to 2mA externally. 
Further loading may degrade the performance of the output 
voltage. It is recommended that the output of the reference 
be decoupled with good quality capacitors to reduce the high 
frequency noise. 


Reference Input, REF jy 


The converter requires a voltage reference connected to the 
REF w pin. This can be the above internal reference or it can 
be an external reference. It is recommended that adequate 
high frequency decoupling is provided at the reference input 
pin in order to minimize overall converter noise. 


A user trying to provide an external reference to a HI5800 is 
faced with two problems. First, the drift of the reference over 
temperature must be very low. Second, it must be capable of 
driving the 200Q input impedance seen at the REFyy pin of 
the HI5800. Figure 18 is a recommended circuit for doing 
this that is capable of 2ppm/°C drift over temperature. 


HA5177 HA5002 
+15 +15 


Vout Vrs 
REF101 Ra 


LOW TC RESISTOR 


FIGURE 18. EXTERNAL REFERENCE 


Supply and Ground Considerations 


The HI5800 has separate analog and digital supply and 
ground pins to help keep digital noise out of the analog signal 
path. For the best performance, the part should be mounted 
on a board that provides separate low impedance planes for 
the analog and digital supplies and grounds. Only connect the 
two grounds together at one place preferably as close as pos- 
sible to the part. The supplies should be driven by clean linear 
regulated supplies. The board should also have good high fre- 
quency decoupling capacitors mounted as close as possible 
to the HI5800. 


If the part is powered off a single supply then the analog 
supply and ground pins should be isolated by ferrite beads 
from the digital supply and ground pins. 


Also, it is recommended that the turn-on power supply 
sequencing be such that the analog positive supply, Alcc, 
come up first, followed by the remaining supplies. 


Refer to the Application Note “Using Harris High Speed A/D 
Converters” (AN9214) for additional suggestions to consider 
when using the HI5800. 


Error Adjustments 


For most applications the accuracy of the HI5800 is sufficient 
without any adjustments. In applications where accuracy is of 
utmost importance three external adjustments are possible: 
S/H offset, D/A offset and D/A gain. Figure 19 illustrates the use 
of external potentiometers to reduce the HI5800 errors to zero. 


The D/A offset (ROagpy) and S/H offset (ADJ+ and ADJ-) 
trims adjust the voltage offset of the transfer curve while the 
D/A gain trim (RGapy) adjusts the tilt of the transfer curve 
around the curve midpoint (code 2048). The 10kQ potenti- 
ometers can be installed to achieve the desired adjustment 
in the following manner. 
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Typically only one of the offset trimpots needs to be used. 
The offset should first be adjusted to get code 2048 centered 
at a desired DC input voltage such as OV. Next the gain trim 
can be adjusted by trimming the gain pot until the 4094 to 
4095 code transition occurs at the desired voltage (2.500V - 
1.5 LSBs for a 2.5V reference). The gain trim can also be 
done by adjusting the gain pot until the code 0 to 1 transition 
occurs at a particular voltage (-2.5V + 0.5 LSBs for a 2.5V 
reference). If a nonzero offset is needed, then the offset pot 
can be adjusted after the gain trim is finished. The gain trim 


10kQ 


[~] ADJ+ is simplified if an offset trim to zero is done first with a non- 

zero Offset trim done after the gain trim is finished. The D/A 

O— offset and S/H offset trimpots have an identical effect on the 

VEE TT aby. converter except that the S/H offset is a finer resolution trim. 

The D/A offset and D/A gain typically have an adjustment 

FIGURE 19. D/A OFFSET, D/A GAIN AND S/H OFFSET range of +30 LSBs and the S/H offset typically has an adjust- 
ADJUSTMENTS ment range of +20 LSBs. 


TABLE 1. VO TRUTH TABLE 


INPUTS OUTPUT 
FUNCTION 


Continuous convert mode. : 
Outputs all 12-bits and OVF or upper byte D11 - D4 in 8 bit mode. 


on 
a 
and OVF, (See text). 


Converter is in acquisition mode. 
Converter is busy doing a conversion. 
Data outputs and OVF in high impedance state. 


X’s = Don’t Care 


TABLE 2. A/D OUTPUT CODE TABLE 


CODE (NOTE) OUTPUT DATA (OFFSET BINARY) 
DESCRIPTION INPUT 


VOLTAGE 


MSB LSB 
LSB = 2(REFin)| REFiy = 2.5V 
4096 (V) OVF 57 


=rorusaan| eves fs -7{7}*]*]+]777]7]7]7]7] 7 

wees | ears fofs{+}*]*]*|]717]7]7]7]7]7_ 
ce 7 

[2500 [0 

—swanree [0 

oe 

Te 

ars tas00 fo 

ce 

= 

ae 


1 


-FS + 1LSB -2.49878 
<-FS < -2.5000 


NOTE: The voltages listed above represent the ideal center of each output code shown as a function of the reference voltage. 


4-376 


HI5800 


If no external adjustments are required the following pins 
should be connected to analog ground (AGND) for optimum 
performance: ROapy, RGapy, ADJ+, and ADv-. 


Typical Application Schematic 


A typical application schematic diagram for the HI5800 is 
shown with the block diagram. The adjust pins are shown 
with 10kQ potentiometers used for gain and offset 
adjustments. These potentiometers may be left out and the 
respective pins should be connected to ground for best 
untrimmed performance. 


Definitions 
Static Performance Definitions 


Offset, Full scale, and gain all use a measured value of the 
internal voltage reference to determine the ideal plus and 
minus full scale values. The results are all displayed in LSBs. 


Offset Error (Vos) 


The first code transition should occur at a level "fp LSB 
above the negative full scale. Offset is defined as the devia- 
tion of the actual code transition from this point. Note that 
this is adjustable to zero. 


Full Scale Error (FSE) 


The last code transition should occur for a analog input that 
is 1"/5 LSBs below positive full scale. Full scale error is 
defined as the deviation of the actual code transition from 
this point. 


Differential Linearity Error (DNL) 


DNL is the worst case deviation of a code width from the 
ideal value of 1 LSB. The converter is guaranteed for no 
missing codes over all temperature ranges. 


Integral Linearity Error (INL) 


INL is the worst case deviation of a code center from a best 
fit straight line calculated from the measured data. 


Power Supply Rejection (PSRR) 


Each of the power supplies are moved plus and minus 5% 
and the shift in the offset and full scale error is noted. The 
number reported is the percent change in these parameters 
versus full scale divided by the percent change in the supply. 


Dynamic Performance Definitions 


Fast Fourier Transform (FFT) techniques are used to 
evaluate the dynamic performance of the HI5800. A low 
distortion sine wave is applied to the input, it is sampled, and 
the output is stored in RAM. The data is then transformed 
into the frequency domain with a 4096 point FFT and 
analyzed to evaluate the dynamic performance of the A/D. 
The sine wave input to the part is -0.5dB down from full scale 
for all these tests. Distortion results are quoted in dBc 
(decibels with respect to carrier) and DO NOT include any 
correction factors for normalizing to full scale. 


Signal-to-Noise Ratio (SNR) 


SNR is the measured RMS signal to RMS noise at a 
specified input and sampling frequency. The noise is the 
RMS sum of all of the spectral components except the fun- 
damental and the first five harmonics. 


Signal-to-Noise + Distortion Ratio (SINAD) 


SINAD is the measured RMS signal to RMS sum of all other 
spectral components below the Nyquist frequency excluding 
DC. 


Effective Number Of Bits (ENOB) 


The effective number of bits (ENOB) is derived from the 
SINAD data. ENOB is calculated from: 


ENOB = (SINAD - 1.76 + Voorp) / 6.02, 
where: Vcorr = 0.5aB. 
Total Harmonic Distortion (THD) 


THD is the ratio of the RMS sum of the first 5 harmonic 
components to the RMS value of the measured input signal. 


Spurious Free Dynamic Range (SFDR) 


SFDR is the ratio of the fundamental RMS amplitude to the 
RMS amplitude of the next largest spur or spectral compo- 
nent. If the harmonics are buried in the noise floor it is the 
largest peak. 


intermodulation Distortion (IMD) 


Nonlinearities in the signal path will tend to generate inter- 
modulation products when two tones, f; and fo, are present 
on the inputs. The ratio of the measured signal to the distor- 
tion terms is calculated. The IMD products used to calculate 
the total distortion are (fo-f;), (fotf;), (2f1-fo), (2f+fo), 
(2fo-fy), (2fa+fy), (Sf1-fa), (Sfy+f2), (Sfa-fy), (Sfa+f1), (2f2-2f1), 
(2fo+2f;), (2f1), (2f2), (2f1), (2f2), (4f1), (4fo). The data 
reflects the sum of all the IMD products. 


Full Power Input Bandwidth 


Full power input bandwidth is the frequency at which the 
amplitude of the fundamental of the digital output word has 
decreased 3dB below the amplitude of an input sine wave. 
The input sine wave has a peak-to-peak amplitude equal to 
the reference voltage. The bandwidth given is measured at 
the specified sampling frequency. 
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Die Characteristics 


DIE DIMENSIONS: TRANSISTOR COUNT: 
202 mils x 283 mils x 19 mils 10K 

METALLIZATION: SUBSTRATE POTENTIAL (Powered Up): 
Metal 1: Type: AlSiCu, Thickness: 6kA +1500A/-750A VEE 


Metal 2: Type: AlSiCu, Thickness: 16kA +2500A/-1100A 
PASSIVATION: 


Type: Sandwich Passivation - Nitride + 
Undoped Si Glass (USG) 
Thickness: Nitride - 4kA, USG - kA, Total - 12kA +2kA 


Metallization Mask Layout 


HI5800 


VIN 
AGND 
D9 
AGND 
ADJ+ 
D8 
ADU- 
AVEE - i r 
AVEE epi} ws ne eee ‘ eat |: 
ie Se ee eee Lele Dvcc 
fit j= eae Pet Wnt Yee i = a ; 
AVcc = —— ee Los, 
[See Si oe el a DGND 
AVcc ote S. Sea Y 2 is | j | 
Hes ek. i | = a AGND 
i HRS Fi is Fy Cos VEE 
: — SS | be 
AGND We pe : : nae iD: 
A S ek Se 
Le } 
AVEE r in wel D7 
AVEE ne hist 
i asl Dé 
Doi 
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Features 

e Sampling Rate 

e Low Power 

e Internal Sample and Hold 

e Fully Differential Architecture 

e Full Power Input Bandwidth 100MHz 
e Low Distortion 

e Internal Reference 

e TTL/CMOS Compatible Digital /O 

¢ Digital Outputs 3V to 5V 


Applications 

e High Speed Data Acquisition Systems 

¢ Digital IF Communication Systems 

e Document and Film Scanners 

¢ Medical Imaging 

e Radar Signal Analysis 

¢ Vibration/Waveform Spectrum Analysis 
Digital Servo Loop Control 


Reference Literature 
- AN9214 Using Harris High Speed Converters 
- AN9647 Using the HI5804 Evaluation Board 


Pinout 


Description 


The HI5804 is a monolithic, 12-bit, Analog-to-Digital 
Converter fabricated in Harris’ HBC10 BiCMOS process. It is 
designed for high speed, high resolution applications where 
wide bandwidth and low power consumption are essential. 


The HI5804 is designed in a fully differential pipelined 
architecture with a front end differential-in-differential-out 
sample-and-hold (S/H). The HI5804 has excellent dynamic 
performance while consuming 300mW power at 5 MSPS. 


The 100MHz full power input bandwidth is ideal for 
communication systems and document — scanner 
applications. Data output latches are provided which present 
valid data to the output bus with a latency of 3 clock cycles. 
The digital outputs have a separate supply pin which can be 
powered from a 3.0V to 5.0V supply. 


Ordering Information 


PART SAMPLE TEMP. 
NUMBER RATE | RANGE (°C) 
rissoaxoa | sMSPS | ow70 Jastasow |woss 


HI5804EVAL | = | Evaluation Board 


HI5804 
(SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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Functional Block Diagram 
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Absolute Maximum Ratings Thermal Information 

Supply Voltage, AVcc or DVcc to Agnp Or Dann: ---- +--+ => +6.0V Thermal Resistance (Typical, Note 1) 8 ja(°C/W) 

Danp to AGnD i ih csi We ead 19 Wie ee Seka yee ew AAS Ee esto Lis ay sas ses fe iw: SG 0.3V we a 70 

Digital VO Pins... 1.1... eee e eee terete Denn toDVece = Maximum Junction Temperature............ 000. eee eee. 150°C 

Analog I/O Pins. .......... eee cece eee eee es Agno t0 AVcc ~=— Maximum Storage Temperature Range .......... -65°C to 150°C 
| Maximum Lead Temperature (Soldering, 10s) ............ 300°C 

Operating Conditions (SOIC - Lead Tips Only) 

Temperature Range, HI5804KCB.................. 0°C to 70°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8), is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications = AVcoco = DVg¢c = DV eco = +5.0V, fg = 5 MSPS at 50% Duty Cycle, Vain = 3.5V, C, = 10pF, 
Ta = 25°C, Unless Otherwise Specified 


[_____PaRANETER | _TeStconpimions | _wiN_[ TP | wax | UNTS | 
ACCURACY 
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Integral Linearity Error, INL = DC | = | ae | LSB 
Differential Linearity Error, DNL fin = DC ma 0.5 LSB 
(Guaranteed No Missing Codes) 


DYNAMIC CHARACTERISTICS 


Minimum Conversion Rate 


oO 
on 


MSPS 
MSPS 
Bits 


No Missing Codes 
Maximum Conversion Rate 

Effective Number of Bits, ENOB 

Signal to Noise and Distortion Ratio, SINAD 


7 RMS Signal 
~ RMS Noise + Distortion 


No Missing Codes 


10.3 


| 


= |= 
! 
zl=z 
ele a aks 
N N 


(o>) 
> 


Signal to Noise Ratio, SNR 


_ RMS Signal 
~ RMS Noise 


ee 


ANALOG INPUT 


Maximum Peak-to-Peak Differential Analog Input Range 
(Vint - Vin>) 


Maximum Peak-to-Peak Single-Ended Analog Input Range 


BN 
oO 


Analog Input Resistance, Rij (Notes 2, 3) 


Analog Input Capacitance, Cyy 


Bo] 
na 


Analog Input Bias Current, Ig+ or Ip- 


+0.5 
100 


Differential Analog Input Bias Current Ig pi¢r = (Igt - Ip-) 
Full Power Input Bandwidth, FPBW 


c 
> 


= a 


MHz 


— 


sh = 
oO 
i) 


Analog Input Common Mode Voltage (Vin+ + Vin-)/2 Differential Mode (Note 2) 


E 
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Electrical Specifications = AVo¢ = DV¢c; = DVcco = +5.0V, fg = 5 MSPS at 50% Duty Cycle, Vain = 3.5V, C, = 10pF, 
Ta = 25°C, Unless Otherwise Specified (Continued) 


_______Paraweren | Testconpmons | ww] We | wax] UNS 
Reterence OuputVolage, Vago —SSSSCidCOCCCSCSC‘idCSCSC‘idSC SE 
eerence Ouputcurent———SSCSC~CSSSSCSCSCSCSCSCSCSSE 


DC BIAS VOLTAGE 
Max Output Current (Not to Exceed) aaa 


DIGITAL INPUT, CLK 
Input Logic High Voltage, Vj 


Input Logic Low Voltage, Vj, 


Input Logic High Current, |), 10.0 


ojo 
<|< 


Input Logic Low Current, 1), 
Input Capacitance, Ci, 
DIGITAL OUTPUTS, DO-D11 
Output Logic Sink Current, Io, 


<i< 
Q }|O 
_— i 
A [A 


Vo = 0.4V (Note 2) 
DV cco = 3.0V, Vo = 0.4V 
Output Logic Source Current, lox Vo = 2.4V (Note 2) 
DVoce2 = 3.0V, Vo = 2.4V 


>| >| > 


TY > 


Output Capacitance, Coyt 

TIMING CHARACTERISTICS 
Aperture Delay, tap 

Aperture Jitter, ta) 

Data Output Delay, top 

Data Output Hold, t, 

Data Latency, tLar 

Clock Pulse Width (Low) 

Clock Pulse width (High) 

POWER SUPPLY CHARACTERISTICS 
Analog Supply Voltage, AVcc 

Digital Supply Voltage, DV¢c; 

Digital Output Supply Voltage, DVcco 
Total Supply Current, loc 


w 


For a Valid Sample (Note 2) 
5MHz Clock 
5MHz Clock 


Cycle 
110 
100 110 


> 


Vint - Vine = 2V m 
Vint - Vin- = 2V 
Vint - Vine = 2V 
Vint - Vine = 2V 
Vint - Vine = 2V 
AVoc or DVcc = 5V +5% 
AVcc or DVgg = 5V +5% 


Analog Supply Current, Aloc 
Digital Supply Current, Digg; 
Digital Output Supply Current, Dicgg2 
Power Dissipation 
Offset Error Sensitivity, AVos 
Gain Error Sensitivity, AFSE 
NOTES: 
2. Parameter guaranteed by design or characterization and not production tested. 
3. With the clock off (clock low, hold mode). 


313 
> 


= 


+16 
+16 


— 


S 
LSB 


ee 
SN 
a} or 


= 
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Timing Waveforms 


ANALOG 
INPUT 


sul Com Kee XK Ba Kee Kee Kee Kr) 
ca Cie@ GID GLIM TED GID GLIc® CIeD 
wile CI=D GD GLI GLInD CIE” CLIeD CED 
oi Cie® GIS GteD GLI GTED GLTED CTeD 


oureut i Gl. Gt Ce Ge Ete a 


[ae tLat So a 


NOTES: 
4. Sy: N-th sampling period. 
5. Hy: N-th holding period. 


6. By, n: M-th stage digital output corresponding to N-th sampled input.Dy: 
Final data output corresponding to N-th sampled input. 


A/D CONVERTERS 
HIGH SPEED 


FIGURE 1. Hi5804 INTERNAL CIRCUIT TIMING 


ANALOG 
INPUT 
—| tap ae 
1 
i——ae| tau|<— 
l 
CLOCK 
INPUT 1.5V 1.5V 
DATA ™ ‘ 
OUTPUT lai 


FIGURE 2. INPUT-TO-OUTPUT TIMING 
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HI5804 
Typical Performance Curves 
11.0 
10.8 


10.6 


SINAD (dB) 


10.4 


10.2 


co 
o 
= 
w 
” 
= 
ce) 
u. 
1°) 
oc 
Ww 
a 
= 
=) 
z 
Ww 
- 
) 
Ww 
Lh 
a 
Ww 


a 
aS 
wl 
—_ 
a 


AL 


1 2 3 4 5 
INPUT FREQUENCY (MHz) INPUT FREQUENCY (MHz) 
FIGURE 3. TYPICAL ENOB vs INPUT FREQUENCY FIGURE 4. TYPICAL SINAD vs INPUT FREQUENCY 


LAL 
TAL 


-THD (dBc) 


1 2 3 4 5 
INPUT FREQUENCY (MHz) INPUT FREQUENCY (MHz) 


FIGURE 5. TYPICAL SNR vs INPUT FREQUENCY FIGURE 6. TYPICAL -THD vs INPUT FREQUENCY 


Bam 
AL 


POWER DISSIPATION (mW) 


INPUT FREQUENCY (MHz) TEMPERATURE (°C) 


FIGURE 7. TYPICAL SFDR vs INPUT FREQUENCY FIGURE 8. TYPICAL POWER DISSIPATION vs TEMPERATURE 
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Pin Descriptions 


rae [vane | eescnon 
a 
T= [ees [eames 


Detailed Description 


DVcc1 
DGND1 
AVcc 
7 AGND 


Vint 


oO 


1 VROUT 


1 


ine) 


VRIN 


13 AGND 


14 Aves 


fo») 


N 


21 DGND2 


DVcce2 


27 


Theory of Operation 


The HI5804 is a 12-bit, fully-differential, sampling pipeline 
A/D converter with digital error correction. Figure 9 depicts 
the circuit for the front end differential-in-differential-out sam- 
ple-and-hold (S/H). The switches are controlled by an internal 


clock which is a non-overlapping two phase signal, 0; and 05, 
derived from the master clock. During the sampling phase, 
,, the input signal is applied to the sampling capacitors, Cg. 
At the same time the holding capacitors, Cy, are discharged 
to analog ground. At the falling edge of , the input signal is 
sampled on the bottom plates of the sampling capacitors. In 
the next clock phase, $5, the two bottom plates of the sam- 
pling capacitors are connected together and the holding 
Capacitors are switched to the op-amp output nodes. The 
charge then redistributes between Cg and C,, completing one 
sample-and-hold cycle. The output is a fully-differential, sam- 
pled-data representation of the analog input. The circuit not 
only performs the sample-and-hold function but will also con- 
vert a single-ended input to a fully-differential output for the 
converter core. During the sampling phase, the V,\, pins see 
only the on-resistance of a switch and Cs. The relatively 
small values of these components result in a typical full 
power input bandwidth of 100MHz for the converter. 


FIGURE 9. ANALOG INPUT SAMPLE-AND-HOLD 


As illustrated in the functional block diagram and the timing 
diagram in Figure 1, three identical pipeline subconverter 
stages, each containing a four-bit flash converter, a four-bit 
digital-to-analog converter and an amplifier with a voltage 
gain of 8, follow the S/H circuit with the fourth stage being 
only a four bit flash converter. Each converter stage in the 
pipeline will be sampling in one phase and amplifying in the 
other clock phase. Each individual sub-converter clock sig- 
nal is offset by 180 degrees from the previous stage clock 
signal with the result that alternate stages in the pipeline will 
perform the same operation. 


The 4-bit digital output of each stage is fed to a digital delay 
line controlled by the internal clock. The purpose of the delay 
line is to align the digital output data to the corresponding 
sampled analog input signal. This delayed data is fed to the 
digital error correction circuit which corrects the error in the 
output data with the information contained in the redundant 
bits to form the final twelve bit output for the converter. 


Because of the pipeline nature of this converter, the data on 
the bus is output at the 3rd cycle of the clock after the analog 
sample is taken. This delay is specified as the data latency. 
After the data latency time, the data representing each suc- 
ceeding sample is output at the following clock pulse. The 
output data is synchronized to the external clock by a latch. 
The digital outputs are in offset binary format (See Table 1). 
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Internal Reference Generator, Vaoyt and Varin 


The HI5804 has an internal reference voltage generator, 
therefore no external reference voltage is required. Vaoyrt 
must be connected to Vriy when using the internal reference 
voltage. 


The HI5804 can be used with an external reference voltage. 
The converter requires only one external reference voltage 
connected to the Vai pin with Vaoyt left open. 


The HI5804 is tested with Vai equal to 3.5V. Internal to the 
converter two reference voltages of 1.3V and 3.3V are gen- 
erated for a fully differential input signal range of +2V. 


In order to minimize overall converter noise it is recom- 
mended that adequate high frequency decoupling be 
provided at the reference voltage input pin, Vain. 


Analog Input, Differential Connection 


The analog input to the HI5804 can be configured in various 
ways depending on the signal source and the required level 
of performance. A fully differential connection (Figure 10) will 
give the best performance for the converter. 


Vin “Ww — Vint 
HI5804 

<H Voc 

Vn SY —f Vin 


FIGURE 10. AC COUPLED DIFFERENTIAL INPUT 


Since the HI5804 is powered off a single +5V supply, the 
analog input must be biased so it lies within the analog input 
common mode voltage range of 1.0V to 4.0V. The perfor- 
mance of the ADC does not change significantly with the 
value of the common mode voltage. 


A 2.3V DC bias voltage source, Vpc, half way between the 
top and bottom internal reference voltages, is made avail- 
able to the user to help simplify circuit design when using a 
differential input. This low output impedance voltage source 
is not designed to be a reference but makes an excellent 
bias source and stays within the analog input common mode 
voltage range over temperature. 


The difference between the converter’s two internal voltage 
references is 2V. For the AC coupled differential input, 
(Figure 10), if Viy is a 2Vp.p sinewave with -Vixy, being 180 
degrees out of phase with Vj, the converter will be at positive 
full scale when the Vj,\;+ input is at Vpc + 1V and the Vj, input 
is at Voc - 1V (Vint - Vine = 2V). Conversely, the ADC will be 
at negative full scale when the Vijj+ input is equal to Voc - 1V 
and Vine is at Voc +1V (Vint - Vine = -2V). 


Analog Input, Single-Ended Connection 
The configuration shown in Figure 11 may be used with a 
single ended AC coupled input. Sufficient headroom must be 


provided such that the input voltage never goes above +5V 
or below AGND. 


Vin “Ye Vint 
VDC HI5804 
<tH ViNn- 


FIGURE 11. AC COUPLED SINGLE ENDED INPUT 


Again, the difference between the two internal voltage 
references is 2V. If Viy is a 4Vp.p sinewave, then Vijy+ is a 
4Vp.p sinewave riding on a positive voltage equal to VDC. The 
converter will be at positive full scale when Vj,+ is at VDC + 2V 
(Vint - Vine = 2V) and will be at negative full scale when Vjn)+ is 
equal to VDC - 2V (Vint - Vin- = -2V). In this case, VDC could 
range between 2V and 3V without a significant change in ADC 
performance. The simplest way to produce VDC is to use the 
Voc bias voltage output of the HI5804. 


A single ended source will give better overall system 
performance if it is first converted to differential before 
driving the analog input of the HI5804. 


Digital /O and Clock Requirements 


The HI5804 provides a standard high-speed interface to 
external TTL/CMOS logic families. The digital CMOS clock 
input has TTL level thresholds. The low input bias current 
allows the HI5804 to be driven by CMOS logic. 


The digital CMOS outputs have a separate digital supply. 
This allows the digital outputs to operate from a 3.0V to 5.0V 
supply. When driving CMOS logic, the digital outputs will 
swing to the rails. When driving standard TTL loads, the digi- 
tal outputs will meet standard TTL level requirements even 
with a 3.0V supply. 


In order to ensure rated performance of the HI5804, the duty 
cycle of the clock should be held at 50% +5%. It must also 
have low jitter and operate at standard TTL levels. 


Performance of the HI5804 will only be guaranteed at con- 
version rates above 0.5 MSPS. This ensures proper perfor- 
mance of the internal dynamic circuits. 


Supply and Ground Considerations 


The HI5804 has separate analog and digital supply and 
ground pins to keep digital noise out of the analog signal 
path. The part should be mounted on a board that provides 
separate low impedance connections for the analog and dig- 
ital supplies and grounds. For best performance, the sup- 
plies to the HI5804 should be driven by clean, linear 
regulated supplies. The board should also have good high 
frequency decoupling capacitors mounted as close as possi- 
ble to the converter. If the part is powered off a single supply 
then the analog supply and ground pins should be isolated 
by ferrite beads from the digital supply and ground pins. 


Refer to Application Note AN9214, “Using Harris High Speed 
A/D Converters” for additional considerations when using 
high speed converters. 
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TABLE 1. A/D CODE TABLE 


DIFFERENTIAL 
INPUT VOLTAGE+ 
(USING INTERNAL 

REFERENCE) 


CODE CENTER 
DESCRIPTION 


+Full Scale 
(+FS) - 1/4 LSB 


+FS - 11/, LSB 1.99878V 


732.4uV 


+ 3/4 LSB 
-1/,LSB 


-FS + 15/, LSB 


-244.1pV 
-1.99829V 


-Full Scale (-FS) 
+ 5/,LSB 


-1.99927V 


OFFSET BINARY OUTPUT CODE 


+ The voltages listed above represent the ideal center of each offset binary output code. 


Static Performance Definitions 


Offset Error (Vos) 


The midscale code transition should occur at a level '/, LSB 
above half-scale. Offset is defined as the deviation of the 
actual code transition from this point. 


Full-Scale Error (FSE) 


The last code transition should occur for an analog input that 
is 3/, LSB below positive full-scale with the offset error 
removed. Full-scale error is defined as the deviation of the 
actual code transition from this point. 


Differential Linearity Error (DNL) 


DNL is the worst case deviation of a code width from the 
ideal value of 1 LSB. 


Integral Linearity Error (INL) 


INL is the worst case deviation of a code center from a best 
fit straight line calculated from the measured data. 


Power Supply Sensitivity 


Each of the power supplies are moved plus and minus 5% 
and the shift in the offset and gain error (in LSBs) is noted. 


Dynamic Performance Definitions 


Fast Fourier Transform (FFT) techniques are used to 
evaluate the dynamic performance of the HI5804. A low 
distortion sine wave is applied to the input, it is coherently 
sampled, and the output is stored in RAM. The data is then 
transformed into the frequency domain with an FFT and ana- 
lyzed to evaluate the dynamic performance of the A/D. The 
sine wave input to the part is -0.5dB down from full scale for 
all these tests. SNR and SINAD are quoted in dB. The 
distortion numbers are quoted in dBc (decibe!s with respect 
to carrier) and DO NOT include any correction factors for 
normalizing to full scale. 


Signal-to-Noise Ratio (SNR) 


SNR is the measured RMS signal to RMS noise at a 
specified input and sampling frequency. The noise is the 
RMS sum of all of the spectral components except the 
fundamental and the first five harmonics. 


Signal-to-Noise + Distortion Ratio (SINAD) 


SINAD is the measured RMS signal to RMS sum of all other 
spectral components below the Nyquist frequency, excluding DC. 


Effective Number Of Bits (ENOB) 


The effective number of bits (ENOB) is calculated from the 
SINAD data by: 


ENOB = (SINAD + Vopr - 1.76)/6.02 


where: Vcorr = 0.5dB 


Vcorr adjusts the ENOB for the amount the input is below 
fullscale. 


Total Harmonic Distortion (THD) 


THD is the ratio of the RMS sum of the first 5 harmonic 
components to the RMS value of the fundamental input 
signal. 


2nd and 3rd Harmonic Distortion 


This is the ratio of the RMS value of the applicable harmonic 
component to the RMS value of the fundamental input signal. 


intermodulation Distortion (IMD) 


Nonlinearities in the signal path will tend to generate intermodu- 
lation products when two tones, f; and fp, are present on the 
inputs. The ratio of the measured distortion terms to the signal 
is calculated. The terms included in the calculation are (f,; + fo), 
(fy - fo), (2f), (2fa), (Af + fo), (2f; - fa), (fy + fa), (fy - fa). The 
ADC is tested with each tone 6dB below full scale. 
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Spurious Free Dynamic Range (SFDR) 


SFDR is the ratio of the fundamental RMS amplitude to the 
RMS amplitude of the next largest spur or spectral 
component in the spectrum below fs/2. 


Transient Response 


Transient response is measured by providing a full scale 
transition to the analog input of the ADC and measuring the 
number of cycles it takes for the output code to settle within 
12-bit accuracy. 


Overvoltage Recovery 


Overvoltage Recovery is measured by providing a full scale 
transition to the analog input of the ADC which overdrives 
the input by 200mV, and measuring the number of cycles it 
takes for the output code to settle within 12-bit accuracy. 


Full Power Input Bandwidth (FPBW) 


Full power input bandwidth is the frequency at which the 
amplitude of the digitally reconstructed output has 
decreased 3dB below the amplitude of the input sine wave. 
The input sine wave has a peak-to-peak amplitude equal to 
the difference between the two internal voltage references. 
The bandwidth given is measured at the specified sampling 
frequency. 


Timing Definitions 
Refer to Figure 1 and Figure 2 for these definitions. 


Aperture Delay (tap) 


Aperture delay is the time delay between the external sam- 
ple command (the falling edge of the clock) and the time at 
which the signal is actually sampled. This delay is due to 
internal clock path propagation delays. 


Aperture Jitter (t, )) 


Aperture Jitter is the RMS variation in the aperture delay due 
to variation of internal clock path delays. 


Data Hold Time (t,) 


Data hold time is the time to where the previous data (N - 1) 
is no longer valid. 


Data Output Delay Time (top) 


Data output delay time is the time to where the new data (N) 
is valid. 


Data Latency (t_ar) 


After the analog sample is taken, the digital data is output on 
the bus after the third cycle of the clock. This is due to the 
pipeline nature of the converter where the data has to ripple 
through the stages. This delay is specified as the data latency. 
After the data latency time, the data representing each 
succeeding sample is output at the following clock pulse. The 
digital data lags the analog input sample by 3 clock cycles. 
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August 1997 12-Bit, 5 MSPS A/D Converter 
Features Description 
© Sampiing AMG 2c ccccswedonssiemeniwin es 5MSPS_ The HI5805 is a monolithic, 12-bit, Analog-to-Digital 


Converter fabricated in Harris’ HBC10 BiCMOS process. It is 


¢ Low Power designed for high speed, high resolution applications where 


e Internal Sample and Hold wide bandwidth and low power consumption are essential. 
¢ Fully Differential Architecture The HI5805 is designed in a fully differential pipelined 
, architecture with a front end differential-in-differential-out 
e Full Power Input Bandwidth ............... 100MHz sample-and-hold (S/H). The HI5805 has excellent dynamic 
e Low Distortion performance while consuming 300mW power at 5 MSPS. 
e Internal Voltage Reference The 100MHz full power input bandwidth is ideal for commu- 
; . nication systems and document scanner applications. Data 
¢ TTL/CMOS Compatible Digital /O output latches are provided which present valid data to the 
¢ Digital Outputs.............ccee eee eees 5V to 3.0V Output bus with a latency of 3 clock cycles. The digital out- 
puts have a separate supply pin which can be powered from 
Applications a 3.0V to 5.0V supply. 
° Digital Communication Systems Ordering Information 


e Undersampling Digital IF PART SAMPLE TEMP. 
NUMBER | RATE | RANGE (°C) 
HIS805EVAL1 | 25 | Evaluation Board 


¢ Document Scanners 


¢ Additional Reference Documents 
- AN9214 Using Harris High Speed A/D Converters 
- AN9707 Using the HIS805EVAL1 Evaluation Board 


Pinout 
HI5805 (SOIC) 
TOP VIEW 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3984.4 


; : = 
Copyright © Harris Corporation 1997 4-389 
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Functional Block Diagram 
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OFT YF tour AND 0.1,F CAPS ARE PLACED 
= = AS CLOSE TO PART AS POSSIBLE 
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Absolute Maximum Ratings 


Supply Voltage, AVcc or DVcc to Agnp Or Danp----------- +6.0V 
Deno to Agno Terre TTCeererrre eT Tee ee ee ee eae 0.3V 
Digital WO PING. icceccavevac eevee peeves acewes Denp to DVcc 
PREV Fe once eddeee de aver seh egsee oe 48's Aanp to AVoc 


Operating Conditions 
Temperature Range, HIS805BIB ................ -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) B yn (CCW) 
Sila POCRAUEY ura énand bad eennen sve Gone exe 70 
Maximum Junction Temperature. ................00000e 150°C 
Maximum Storage Temperature Range .......... -65°C to 150°C 
Maximum Lead Temperature (Soldering, 10s) ............ 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. 85 is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications = AV¢c¢ = DVc¢cq = DVcc2 = DVgc3 = +5.0V, fg = 5 MSPS at 50% Duty Cycle, Vain = 3.5V, C, = 10pF, 
Ta = -40°C to 85°C, Differential Analog Input, Typical Values are Test Results at 25°C, 


Unless Otherwise Specified 


PARAMETER 


|. 
rr 
2) 
ale 


ACCURACY 
Resolution 
Integral Linearity Error, INL 


Differential Linearity Error, DNL 
(Guaranteed No Missing Codes) 


Offset Error, Vos 

Full Scale Error, FSE 

DYNAMIC CHARACTERISTICS 
Minimum Conversion Rate 


= 
ie 


Maximum Conversion Rate 
Effective Number of Bits, ENOB 
Signal to Noise and Distortion Ratio, SINAD 


a RMS Signal 
~ RMS Noise + Distortion 


Signal to Noise Ratio, SNR 


_ RMS Signal 
~ RMS Noise 


Total Harmonic Distortion, THD 
2nd Harmonic Distortion 


3rd Harmonic Distortion 

Spurious Free Dynamic Range, SFDR 
Intermodulation Distortion, IMD 
Transient Response 


Over-Voltage Recovery 

ANALOG INPUT 

Maximum Peak-to-Peak Differential Analog Input Range 

(Vint - Vin-) 

Maximum Peak-to-Peak Single-Ended Analog Input Range 
Analog Input Resistance, Riy 

Analog Input Capacitance, Ci, 

Analog Input Bias Current, |g+ or Ip- 

Differential Analog Input Bias Current Ip pirr = (Ip+ - Ip-) 
Full Power Input Bandwidth, FPBW 

Analog Input Common Mode Voltage Range (Vint + Vin-)/2 


TEST CONDITION 


= DC 
=DC 


=e 
2 


=DC 


—" 
Zz 


= 
Hl 
oO 
@) 


No Missing Codes 
No Missing Codes 
fin = 1MHz 10.0 

= 1MHz 


= 1MHz 


= 1MHz 
= 1MHz 
= 1MHz 
fin = 1MHz 
f; = 1MHz, fo = 1.02MHz 


=? f= J = = =* 
Zitz fz 2 Zz 
‘ 
oO 
1¢¥) 


0.2V Overdrive 


(Notes 2, 3) 


(Note 3) 


—_ 
So 


Differential Mode (Note 2) 


HI5805BIB (-40°C TO 85°C) 
YP 


T UNITS 


ine) 


LSB 
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Cycle 


Cycle 
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Electrical Specifications = AVoco = DV¢cy = DVece = DVcc3 = +5.0V, fg = 5 MSPS at 50% Duty Cycle, Vain = 3.5V, C, = 10pF, 
Ta = -40°C to 85°C, Differential Analog Input, Typical Values are Test Results at 25°C, 
Unless Otherwise Specified (Continued) 


HI5805BIB (-40°C TO 85°C) 
PARAMETER TESTCONDITION | MIN | TYP | MAX | UNITS 


INTERNAL VOLTAGE REFERENCE 
) 


Reference Output Current 


i) 
on 


Reference Temperature Coefficient 
REFERENCE VOLTAGE INPUT 
Reference Voltage Input, Vain 


D 
© 
—s 
© 
= 
© 
3 
oO 
@ 
O 
Cc 
—_ 
no) 
= 
al 
< 
o 
-- 
» 
ca 
© 
< 
D 
O 
cc 
+ 
— 
fe) 
se) 
Q 
@O 
QO 
-|- 
3}. 


Total Reference Resistance, R,_ 
Reference Current 450 
DC BIAS VOLTAGE 

DC Bias Voltage Output, Voc 

Max Output Current (Not To Exceed) 
DIGITAL INPUTS (CLK) 


Input Logic High Voltage, Vj 


Nm 
wo 


=| 
if. 


Input Logic Low Voltage, Vj. 


10.0 
10.0 


Input Logic High Current, |), 


oOo} 
<i< 


Input Logic Low Current, |), UL 


| 
Q {oO 
= | ae 
A LA 


Input Capacitance, Ci, 
DIGITAL OUTPUTS (D0-D11) 
Output Logic Sink Current, lo, 


> 


= 0.4V (Note 2) 
DVcc3 = 3.0V, Vo = 0.4V 
Output Logic Source Current, lox Vo = 2.4V (Note 2) 
DVcc3 = 3.0V, Vo = 2.4V 


— 
o>) 


& 

oO 

< 
=, 


>| >] > 


no) 
Tn 


Output Capacitance, Coyt 
TIMING CHARACTERISTICS 
Aperture Delay, tap 


ps (RMS 


— 


Aperture Jitter, tay 

Data Output Delay, top 

Data Output Hold, ty, 

Data Latency, tLat 

Clock Pulse Width (Low) 

Clock Pulse Width (High) 

POWER SUPPLY CHARACTERISTICS 
Total Supply Current, loc 


For a Valid Sample (Note 2) 
5MHz Clock 
5MHz Clock 


Cycles 


oO 


10 


= 
(2) 
oO 
_ 
_ 
oO 


~ 
=) 
> 


Vint - Vine = 2V 
- = 2V 
- =2V 
Vint - Vine = 2V 
=2V 
AVcc or DVcc = 5V +5% 
AVcc or DVcc = 5V 45% 


=, 
> 


Analog Supply Current, Aloo 
Digital Supply Current, Dicg 


3 


<j < 
ziz 
+ | + 
<|< 
414 

| 


Output Supply Current, Digg; 
350 


Power Dissipation 

Offset Error PSRR, AVos 
Gain Error PSRR, AFSE 
NOTES: 

2. Parameter guaranteed by design or characterization and not production tested. 
3. With the clock off (clock low, hold mode). 
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Timing Waveforms 


ANALOG 
INPUT 


INPUT SN1 \Hn-1 f SN Hy f Su+1\ Huet ff Sn+2 \HNs2 ff Sno3 VHNs3 7 Snug WHNe a f Snes | HN+s 7 Sno VHNee 


INPUT 
S/H 
1ST 


2ND 
oi rb Gx) GLT GLcD cD TD Cee 


4 
stace __X Pans KX Baner KX Bans X Ban MK Banos K Baer XK Banez J 
oomur ® Gre Gi Ge Gm Gre ere 


FIGURE 1. INTERNAL CIRCUIT TIMING 


2) 

Cc 
| t | » 

<. $$$ $$ $< thea 

7 cw 
NOTES: 6. By, y: M-th stage digital output corresponding to N-th sampled - e 
4. Sy: N-th sampling period. input. Zr 
5. Hy: N-th holding period. 7. Dy: Final data output corresponding to N-th sampled input. 3 = 


ANALOG 
INPUT 
—| tap Lape 
| 
I 
| 
CLOCK 
ar 1.5V 1.5V 
DATA a 
OUTPUT ieee 


FIGURE 2. INPUT-TO-OUTPUT TIMING 
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Typical Performance Curves 


fs = 5 MSPS 
TEMPERATURE = 25°C 


ENOB 
SINAD (dB) 


100 


INPUT FREQUENCY (MHz) INPUT FREQUENCY (MHz) 
FIGURE 3. EFFECTIVE NUMBER OF BITS (ENOB) vs INPUT FIGURE 4. SIGNAL TO NOISE AND DISTORTION (SINAD) vs 
FREQUENCY INPUT FREQUENCY 


fs = 5 MSPS 
TEMPERATURE = 25°C 


SNR (dB) 
THD (dBc) 


INPUT FREQUENCY (MHz) INPUT FREQUENCY (MHz) 
FIGURE 5. SIGNAL TO NOISE RATIO (SNR) vs INPUT FIGURE 6. TOTAL HARMONIC DISTORTION (THD) vs INPUT 
FREQUENCY FREQUENCY 


mo 

no} 

o 

i 

100 
INPUT FREQUENCY (MHz) DUTY CYCLE (tok. row! ters) 
FIGURE 7. SPURIOUS FREE DYNAMIC RANGE (SFDR) vs FIGURE 8. EFFECTIVE NUMBER OF BITS (ENOB) vs CLOCK 
INPUT FREQUENCY DUTY CYCLE AND INPUT FREQUENCY 
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Typical Performance Curves (continued) 


ENOB 


TEMPERATURE (°C) 


FIGURE 9. EFFECTIVE NUMBER OF BITS (ENOB) vs 
TEMPERATURE AND INPUT FREQUENCY 


TT it 
HA 


306 


© 
o 
> 


fs = 5 MSPS 


302 
Vint = Vin- = Voc 


300 


POWER DISSIPATION (mW) 


TEMPERATURE (°C) 
FIGURE 11. POWER DISSIPATION vs TEMPERATURE 


OUTPUT LEVEL (dB) 


HI5805 


400 
FREQUENCY BIN 


FIGURE 13. 2048 POINT FFT SPECTRAL PLOT 


3.525 


3.515 


TEMPERATURE (°C) 


FIGURE 10. INTERNAL VOLTAGE REFERENCE OUTPUT 
(Vrout) vs TEMPERATURE AND LOAD 


om 


fs = 5 MSPS 
Vint ss Vine = 


CURRENT (mA) 
8 8 
me 
= 


-40 -20 0 20 40 60 80 
TEMPERATURE (°C) 


FIGURE 12. POWER SUPPLY CURRENT vs TEMPERATURE 


fin = 1MHz, fg = 5 MSPS 


600 800 
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Pin Descriptions 


ee Se 
Digital Supply (5.0V). 
3 | Denoi | Digital Ground. 


4 Digital Supply (5.0V). 
| Denp1 | Digital Ground 
Analog Supply (5.0V). 


7 
p Vie 
| Voc _| 


=a 


Vine 
Voc 
AgnD 
| bo 
| 8 
|e 


Analog Ground. 

Positive Analog Input. 
Negative Analog Input. 

DC Bias Voltage Output. 
Reference Voltage Output. 


10 
2 Reference Voltage Input. 
Analog Ground. 

Analog Supply (5.0V). 
Data Bit 11 Output (MSB). 
Data Bit 10 Output. 

Data Bit 9 Output. 

Data Bit 8 Output. 

Data Bit 7 Output. 

Data Bit 6 Output. 


(21 | Dance | Distal Output Ground 
22] Dvco | Distal Ouput Suppy BOVIESO. 
2 [0s [daeatsount 
Oe 
ea 
25] 02 [data 2 Ope CS 
28 [ 00 [date sto oun tS 


Detailed Description 


—_ 
—_ 


: 
13 
14 
15 
16 
17 
18 
19 


Theory of Operation 


The HI5805 is a 12-bit, fully-differential, sampling pipeline A/D 
converter with digital error correction. Figure 14 depicts the 
circuit for the front end differential-in-differential-out sample- 
and-hold (S/H). The switches are controlled by an internal 
clock which is a non-overlapping two phase signal, f; and fo, 
derived from the master clock. During the sampling phase, f;, 
the input signal is applied to the sampling capacitors, Cs. At 
the same time the holding capacitors, Cy, are discharged to 
analog ground. At the falling edge of f; the input signal is sam- 
pled on the bottom plates of the sampling capacitors. In the 
next clock phase, fo, the two bottom plates of the sampling 
Capacitors are connected together and the holding capacitors 
are switched to the op-amp output nodes. The charge then 
redistributes between Cg and C,, completing one sample- 
and-hold cycle. The output is a fully-differential, sampled-data 
representation of the analog input. The circuit not only per- 
forms the sample-and-hold function but will also convert a sin- 


gle-ended input to a fully-differential output for the converter 
core. During the sampling phase, the Vix pins see only the on- 
resistance of a switch and Cg. The relatively small values of 
these components result in a typical full power input band- 
width of 100MHz for the converter. 


Vout+ 


Vout" 


FIGURE 14. ANALOG INPUT SAMPLE-AND-HOLD 


As illustrated in the functional block diagram and the timing dia- 
gram in Figure 1, three identical pipeline subconverter stages, 
each containing a four-bit flash converter, a four-bit digital- 
to-analog converter and an amplifier with a voltage gain of 8, 
follow the S/H circuit with the fourth stage being only a 4-bit 
flash converter. Each converter stage in the pipeline will be 
sampling in one phase and amplifying in the other clock phase. 
Each individual sub-converter clock signal is offset by 180 
degrees from the previous stage clock signal, with the result 
that alternate stages in the pipeline will perform the same 
operation. 


The 4-bit digital output of each stage is fed to a digital delay 
line controlled by the internal clock. The purpose of the delay 
line is to align the digital output data to the corresponding 
sampled analog input signal. This delayed data is fed to the 
digital error correction circuit which corrects the error in the 
output data with the information contained in the redundant 
bits to form the final 12-bit output for the converter. 


Because of the pipeline nature of this converter, the data on 
the bus is output at the 3rd cycle of the clock after the analog 
sample is taken. This delay is specified as the data latency. 
After the data latency time, the data representing each suc- 
ceeding sample is output at the following clock pulse. The 
output data is synchronized to the external clock by a latch. 
The digital outputs are in offset binary format (See Table 1). 


Internal Reference Generator, Vaoyt and Vrain 


The HI5805 has an internal reference generator, therefore, 
no external reference voltage is required. Vagyy must be 
connected to Vaiyj when using the internal reference voltage. 


The HI5805 can be used with an external reference. The 
converter requires only one external reference voltage con- 
nected to the Vain pin with Vaourt left open. 


The HI5805 is tested with Vain equal to 3.5V. Internal to the 
converter, two reference voltages of 1.3V and 3.3V are 
generated for a fully differential input signal range of +2V. 


In order to minimize overall converter noise, it is 
recommended that adequate high frequency decoupling be 
provided at the reference voltage input pin, Vain. 
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DIFFERENTIAL 
INPUT VOLTAGE+ 
(USING INTERNAL 

REFERENCE) 


CODE CENTER 
DESCRIPTION 


OFFSET BINARY OUTPUT CODE 


ie oe a ETS Ee Ra EE ESSERE 


+FS - 1'/, LSB 


1.99878V 
+ 3/, LSB 732.4uV 


- 1/4 LSB 


-244.1pV 
-FS + 15/, LSB -1.99829V 
-Full Scale (-FS) + 9/, LSB | -1.99927V 


T The voltages listed above represent the ideal center of each offset binary output code shown. 


Analog Input, Differential Connection 


The analog input to the HI5805 can be configured in various 
ways depending on the signal source and the required level 
of performance. A fully differential connection (Figure 15) will 
give the best performance for the converter. 


Vint 
HI5805 


Voc 


Vin" 


FIGURE 15. AC COUPLED DIFFERENTIAL INPUT 


Since the HI5805 is powered off a single +5V supply, the 
analog input must be biased so it lies within the analog input 
common mode voltage range of 1.0V to 4.0V. The perfor- 
mance of the ADC does not change significantly with the 
value of the analog input common mode voltage. 


A 2.3V DC bias voltage source, Vpc, half way between the 
top and bottom internal reference voltages, is made avail- 
able to the user to help simplify circuit design when using a 
differential input. This low output impedance voltage source 
is not designed to be a reference but makes an excellent 
bias source and stays within the analog input common mode 
voltage range over temperature. 


The difference between the converter’s two internal voltage 
references is 2V. For the AC coupled differential input, 
(Figure 15), if Viy is a 2Vp_p sinewave with -Vi,yy being 180 
degrees out of phase with Vij, then Viy+ is a 2Vp_p sine- 
wave riding on a DC bias voltage equal to Voc and Vinx- is a 
2Vp.p sinewave riding on a DC bias voltage equal to Voc. 
Consequently, the converter will be at positive full scale, all 


1s digital data output code, when the Vj,y+ input is at 
Voc +1V and the Vin- input is at Voc -1V (Vint- Vin- = 2V). 
Conversely, the ADC will be at negative full scale, all Os 
digital data output code, when the Vj,+ input is equal to 
Voc- 1V and Vine is at Voct+1V (Vint: Vin- = -2V). From 
this, the converter is seen to have a peak-to-peak differen- 
tial analog input voltage range of +2V. 


The analog input can be DC coupled (Figure 16) as long as 
the inputs are within the analog input common mode voltage 
range (1.0V < VDC < 4.0V). 


Vin 
vbc ha 


<4 


FIGURE 16. DC COUPLED DIFFERENTIAL INPUT 


The resistors, R, in Figure 16 are not absolutely necessary 
but may be used as load setting resistors. A capacitor, C, 
connected from Vijy+ to Vin- will help filter any high fre- 
quency noise on the inputs, also improving performance. 
Values around 20pF are sufficient and can be used on AC 
coupled inputs as well. Note, however, that the value of 
capacitor C chosen must take into account the highest 
frequency component of the analog input signal. 


Analog Input, Single-Ended Connection 


The configuration shown in Figure 17 may be used with a 
single ended AC coupled input. Sufficient headroom must be 
provided such that the input voltage never goes above +5V 
or below Agnp.- 
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VIN ‘eV, nee Vint 
VDC HI5805 
<1 Vine 


FIGURE 17. AC COUPLED SINGLE ENDED INPUT 


Again, the difference between the two internal voltage refer- 
ences is 2V. If Vin is a4Vp_p sinewave, then Viy+ is a 4Vp_p 
sinewave riding on a positive voltage equal to VDC. The 
converter will be at positive full scale when Vixy+ is at VDC + 
2V (Vint - Vine = 2V) and will be at negative full scale when 
Vint is equal to VDC - 2V (Vint - Vin- = -2V). In this case, 
Vpc could range between 2V and 3V without a significant 
change in ADC performance. The simplest way to produce 
VDC is to use the Vp¢ bias voltage output of the HI5805. 


The single ended analog input can be DC coupled (Figure 
18) as long as the input is within the analog input common 
mode voltage range. 


Vin 


Voc Vint 


HI5805 


Voc 


FIGURE 18. DC COUPLED SINGLE ENDED INPUT 


The resistor, R, in Figure 18 is not absolutely necessary but 
may be used as a load setting resistor. A capacitor, C, con- 
nected from Viy+ to Vix- will help filter any high frequency 
noise on the inputs, also improving performance. Values 
around 20pF are sufficient and can be used on AC coupled 
inputs as well. Note, however, that the value of capacitor C 
chosen must take into account the highest frequency 
component of the analog input signal. 


A single ended source will give better overall system 
performance if it is first converted to differential before 
driving the HI5805. 


Digital /O and Clock Requirements 


The HI5805 provides a standard high-speed interface to 
external TTL/CMOS logic families. The digital CMOS clock 
input has TTL level thresholds. The low input bias current 
allows the HI5805 to be driven by CMOS logic. 


The digital CMOS outputs have a separate digital supply. 
This allows the digital outputs to operate from a 3.0V to 5.0V 
supply. When driving CMOS logic, the digital outputs will 
swing to the rails. When driving standard TTL loads, the 


digital outputs will meet standard TTL level requirements 
even with a 3.0V supply. 


In order to ensure rated performance of the HI5805, the duty 
cycle of the clock should be held at 50% +5%. It must also 
have low jitter and operate at standard TTL levels. 


Performance of the HI5805 will only be guaranteed at 
conversion rates above 0.5 MSPS. This ensures proper 
performance of the internal dynamic circuits. 


Supply and Ground Considerations 


The HI5805 has separate analog and digital supply and 
ground pins to keep digital noise out of the analog signal 
path. The part should be mounted on a board that provides 
separate low impedance connections for the analog and 
digital supplies and grounds. For best performance, the 
supplies to the HI5805 should be driven by clean, linear reg- 
ulated supplies. The board should also have good high 
frequency decoupling capacitors mounted as close as possi- 
ble to the converter. If the part is powered off a single supply 
then the analog supply and ground pins should be isolated 
by ferrite beads from the digital supply and ground pins. 


Refer to the Application Note AN9214, “Using Harris High 
Speed A/D Converters” for additional considerations when 
using high speed converters. 


Static Performance Definitions 


Offset Error (Vos) 


The midscale code transition should occur at a level '/, LSB 
above half scale. Offset is defined as the deviation of the 
actual code transition from this point. 


Full-Scale Error (FSE) 


The last code transition should occur for an analog input that 
is 5/, LSB below positive full scale with the offset error 
removed. Full-scale error is defined as the deviation of the 
actual code transition from this point. 


Differential Linearity Error (DNL) 


DNL is the worst case deviation of a code width from the 
ideal value of 1 LSB. 


Integral Linearity Error (INL) 


INL is the worst case deviation of a code center from a best 
fit straight line calculated from the measured data. 


Power Supply Rejection Ratio (PSRR) 


Each of the power supplies are moved plus and minus 5% 
and the shift in the offset and gain error (in LSBs) is noted. 


Dynamic Performance Definitions 


Fast Fourier Transform (FFT) techniques are used to 
evaluate the dynamic performance of the HI5805. A low 
distortion sine wave is applied to the input, it is coherently 
sampled, and the output is stored in RAM. The data is then 
transformed into the frequency domain with an FFT and 
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analyzed to evaluate the dynamic performance of the A/D. 
The sine wave input to the part is -0.5dB down from full scale 
for all these tests. SNR and SINAD are quoted in dB. The 
distortion numbers are quoted in dBc (decibels with respect 
to carrier) and DO NOT include any correction factors for 
normalizing to full scale. 


Signal-to-Noise Ratio (SNR) 


SNR is the measured RMS signal to RMS noise at a 
specified input and sampling frequency. The noise is the 
RMS sum of all of the spectral components except the 
fundamental and the first five harmonics. 


Signal-to-Noise + Distortion Ratio (SINAD) 


SINAD is the measured RMS signal to RMS sum of all 
other spectral components below the Nyquist frequency, 
fg/2, excluding DC. 


Effective Number Of Bits (ENOB) 


The effective number of bits (ENOB) is calculated from the 
SINAD data by: 


ENOB = (SINAD + Vogpp-1.76)/6.02, 


where: Vcorr = 0.50B. 


Vcorr adjusts the ENOB for the amount the input is below 
fullscale. 


Total Harmonic Distortion (THD) 


THD is the ratio of the RMS sum of the first 5 harmonic 
components to the RMS value of the fundamental input 
signal. 


2nd and 3rd Harmonic Distortion 


This is the ratio of the RMS value of the applicable 
harmonic component to the RMS value of the fundamental 
input signal. 


Spurious Free Dynamic Range (SFDR) 


SFDR is the ratio of the fundamental RMS amplitude to the 
RMS amplitude of the next largest spur or spectral 
component in the spectrum below f</2. 


intermodulation Distortion (IMD) 


Nonlinearities in the signal path will tend to generate 
intermodulation products when two tones, f; and fo, are 
present at the inputs. The ratio of the measured signal to 
the distortion terms is calculated. The terms included in the 
calculation are (f, + fo), (f, = fo), (2f,), (2f>), (2f, + fo), 
(2f; - fo), (fy + 2fo), (fy - 2f). The ADC is tested with each 
tone 6dB below full scale. 


Transient Response 


Transient response is measured by providing a full-scale 
transition to the analog input of the ADC and measuring the 
number of cycles it takes for the output code to settle within 
12-bit accuracy. 


Over-Voltage Recovery 


Over-voltage Recovery is measured by providing a full-scale 
transition to the analog input of the ADC which overdrives 
the input by 200mV, and measuring the number of cycles it 
takes for the output code to settle within 12-bit accuracy. 


Full Power Input Bandwidth (FPBW) 


Full power input bandwidth is the analog input frequency at 
which the amplitude of the digitally reconstructed output has 
decreased 3dB below the amplitude of the input sinewave. 
The input sinewave has an amplitude which swings from -fs 
to +fs. The bandwidth given is measured at the specified 
sampling frequency. 


Timing Definitions 


Refer to Figure 1, Internal Circuit Timing, and Figure 2, 
Input-To-Output Timing, for these definitions. 


Aperture Delay (tap) 


Aperture delay is the time delay between the external 
sample command (the falling edge of the clock) and the time 
at which the signal is actually sampled. This delay is due to 
internal clock path propagation delays. 


Aperture Jitter (taj) 


Aperture Jitter is the RMS variation in the aperture delay due 
to variation of internal clock path delays. 


Data Hold Time (ty) 


Data hold time is the time to where the previous data (N - 1) 
is no longer valid. 


Data Output Delay Time (top) 


Data output delay time is the time to where the new data (N) 
is valid. 


Data Latency (t, ar) 


After the analog sample is taken, the digital data is output on 
the bus at the third cycle of the clock. This is due to the pipe- 
line nature of the converter where the data has to ripple 
through the stages. This delay is specified as the data 
latency. After the data latency time, the data representing 
each succeeding sample is output at the following clock 
pulse. The digital data lags the analog input sample by 3 
clock cycles. 
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August 1997 12-Bit, 10 MSPS A/D Converter 
Features Description 
® Sampling AGG .cscavscacasavessacssaass 10MSPS The HI5808 is a monolithic, 12-bit, Analog-to-Digital 


Converter fabricated in Harris’ HBC10 BiCMOS process. It is 


* Low Power designed for high speed, high resolution applications where 


e Internal Sample and Hold wide bandwidth and low power consumption are essential. 

¢ Fully Differential Architecture The Hi5808 is designed in a fully differential pipelined 
architecture with a front end differential-in-differential-out 

e Full Power Input Bandwidth ...........00:- 100MHz sample-and-hold (S/H). The HI5808 has excellent dynamic 

° Low Distortion performance while consuming 325mW power at 10 MSPS. 

¢ Internal Voltage Reference The 100MHz full power input bandwidth is ideal for commu- 
nication systems and document scanner applications. Data 

* TTL/CMOS Compatible Digital /O output latches are provided which present valid data to the 

¢ Digital Outputs. ............ccee eee eees 5V to 3.0V ‘Output bus with a latency of 3 clock cycles. The digital out- 
puts have a separate supply pin which can be powered from 

Applications a 3V to 5V supply. 

¢ Digital Communication Systems Ordering Information 


e Undersampling Digital IF 


PART | SAMPLE | TEMP. 
NUMBER | RATE. | RANGE (°C) 
HIssosBIB | 10MSPS | -40to85 |28Lasoic |m283 
HIS808EVAL1 p25 Evaluation Board 


¢ Document Scanners 


e Additional Reference Documents 
- AN9214 Using Harris High Speed A/D Converters 
- AN9724 Using the HI5808EVAL1 Evaluation Board 


Pinout 


HI5808 
(SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 
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Functional Block Diagram 


pees > CLK 
> VRouT 
VRIN 


Vint © 


Gry 
V STAGE 1 
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2 D11 (MSB) 
2 D10 
os > D9 
& = 0 DS 
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STAGE 3 5 & 
500° D D6 
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=< 9 D5 
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a 9 D4 
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5 2 D3 
a 2 D2 
2 D1 
> DO (LSB) 
> Danp2 
AVcc Agno DPVcc1 Denpi1 
Typical Applications Schematic 
(LSB) (28) DO DO 
D1 
Vrout (11) he 
Vrin (12) pa “i a 
AGND i (23) DS D5 Danp AGND BNC 
Denn1 (3) (49) p7 D7 whe © 
i| Deno (5) (18) D8 D8 = 
Danp2 (21) D9 
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Vint AY © 


Vint (8) (4) DVcc1 
Vpc (10) (2) DV¢cy 
Vin- (9) (22) DVcc2 


VIN- Oo a) Cc 


cLOCcK “"L. © 


+5V 


—< 
_ a a 10LF 40uF AND 0.1uF CAPS ARE PLACED 


CLK (1) AS CLOSE TO PART AS POSSIBLE 
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Absolute Maximum Ratings 


Supply Voltage, AVcc or DVcc to Agnp Or Danp ...-.----- +6.0V 
Deity DO AGND <1 iss0ksce sak beriwenenieaads anen nee ¥< 0.3V 
OE Pe oc oes Cie ee een eeeen reeves Danp to DVcc 
ANGIOG VO PING: s iccscecex ian eae eninnesnerans Aanp to AVcc 
Operating Conditions 

Temperature Range ............0cccceeeeee ees -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) 8 ya (°C/W) 
Se 70 

Maximum Junction Temperature...................0085 150°C 

Maximum Storage Temperature Range .......... -65°C to 150°C 

Lead Temperature (Soldering, 10s)..................0.. 300°C 
(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. 8jq is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications AVcc = DVcc = DVcco = +5V, fg = 10 MSPS at 50% Duty Cycle, Vain = 3.5V, Cy, = 10pF, 
Ta = -40°C to 85°C, Differential Analog Input, Typical Values are Test Results at 25°C, 


Unless Otherwise Specified 


PARAMETER 
ACCURACY 
Resolution 


Integral Linearity Error, INL 


Differential Linearity Error, DNL 
(Guaranteed No Missing Codes) 


Offset Error, Vos 
Full Scale Error, FSE 
DYNAMIC CHARACTERISTICS 


Minimum Conversion Rate 


Maximum Conversion Rate 
Effective Number of Bits, ENOB 


Signal to Noise and Distortion Ratio, SINAD 


_ RMS Signal 
~ RMS Noise + Distortion 


Signal to Noise Ratio, SNR 
_ RMS Signal 
~ RMS Noise 


Total Harmonic Distortion, THD 


2nd Harmonic Distortion 


3rd Harmonic Distortion 
Spurious Free Dynamic Range, SFDR 
Intermodulation Distortion, IMD 


Transient Response 


Over-Voltage Recovery 
ANALOG INPUT 


Maximum Peak-to-Peak Differential Analog Input Range 
(Vint - Vin7) 

Maximum Peak-to-Peak Single-Ended Analog Input Range 
Analog Input Resistance, Rij 


Analog Input Capacitance, Cy 


Analog Input Bias Current, Ip+ or Ip- (Note 3 


Differential Analog Input Bias Current 
IB DIFF = (Ip+ - |p-) 
Full Power Input Bandwidth, FPBW 


TEST CONDITIONS 


fin = DC 


fin = DC 
fin = DC 


No Missing Codes 
No Missing Codes 
fin = 1MHz 
fin = 1MHz 


fin = 1MHz 


fin = 1MHz 
fin = MHz 
fin = 1MHz 
fin = MHz 
fy = 1MHz, fo = 1.02MHz 


0.2V Overdrive 


(Notes 2, 3) 
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Electrical Specifications AVcoc = DVcci = DVcco = +5V, fg = 10 MSPS at 50% Duty Cycle, Vain = 3.5V, C_ = 10pF, 
Ta = -40°C to 85°C, Differential Analog Input, Typical Values are Test Results at 25°C, 


Unless Otherwise Specified (Continued) 
HI5808BIB 
-40°C TO 85°C 
Comin [ tye [| max | units 


PARAMETER TEST CONDITIONS 


aalog apt Conran Mode Volage Range Vive VinV/2_[DWerental ode Note] [1 [28 | « |v 

INTERNAL VOLTAGE REFERENCE 

Reference Output tage, Vagur (Loaded) dT | 

Reference OuputGurent—————SSSC*CSSSCSCSCSCSCSSSSS 

Reference Temperature Gooticent Sid 

REFERENCE VOLTAGE INPUT 

Reference Vokage Input, Van id 

Se 
__ 


Reference Current 


[DC Bias Votage Oubpat Veg SSCS CSCid Sd 
Max Output Curent (Not To Exceed) Sid SSCS Sid 


DIGITAL INPUTS (CLK) 


input Logie High Votage, Vi a 
CO 


Input Logic Low Voltage, Vj,_ 


Input Logic High Current, |) VoLk = 5V 


es 
Lo 

Input Logic Low Current, I), VoLk = OV ee eee 
a 


ua 
en ee ae ee 
spain <i —— ae i a a a 8S 
Dvecs=S0V,vo=2av | - | 02 |_| ma_| | |9* 
[OuputCapastance Con —S—CstCTTCTCTCSC Cd dC 


TIMING CHARACTERISTICS 
tap 
Aperture Jitter, tay 
Data Output Delay, top 
Data Output Hold, ty 
Data Latency, tLat 
Clock Pulse Width (Low) 
Clock Pulse Width (High) 
POWER SUPPLY CHARACTERISTICS 
Total Supply Current, loc 


ps (RMS) 


For a Valid Sample (Note 2) 
10MHz Clock 
10MHz Clock 


Cycles 


> 
To 
7) 
a 
c 
al 
@O 
Oo 
@ 
8] 
= 


73 


= 
> 


Vint - Vine = 2V 
Vint - Vine = 2V 
Vint - Vine = 2V 
Vint - Vine = 2V 
Vint - Vine = 2V 
AVcc or DVcc = 5V 5% 
AVcc or DVcc = 5V +5% 


Analog Supply Current, Alcc 


3 
> 


Digital Supply Current, Dicc 4 


NO 


Output Supply Current, Dicce 
Power Dissipation 

Offset Error PSRR, AVos 
Gain Error PSRR, AFSE 
NOTES: 

2. Parameter guaranteed by design or characterization and not production tested. 
3. With the clock off (clock low, hold mode). 


: 
D 
a 
3 


LSB 
LSB 
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Timing Waveforms 


ANALOG 
INPUT 


CLOCK 
INPUT °SN-1 \HN-1f SN Hn JSn41\HN+19SN+2 QHN+ 27 SN+3 VHN+ 37 SN44 VHN+ 49 Sn45 VHN+57 SNeol HN+6 


INPUT 
S/H 


1ST 


2ND 


oie @xED cD GLID Gn” CoD CTD CTD 
4 


a... Gr” G2) G2” €. G2 G2 re 
ne tLaT a aaEeEEEEEEinen 

NOTES: 

4. Sy: N-th sampling period. 

5. Hn: N-th holding period. 

6. By, n: M-th stage digital output corresponding to N-th sampled input. 

7. Dy: Final data output corresponding to N-th sampled input. 


FIGURE 1. INTERNAL CIRCUIT TIMING 


ANALOG 
INPUT 
—>| tap cae 
ae tay|<— 
| 
CLOCK 
1.5V 
INPUT 159 
DATA 
aureur DATA N - 1 


FIGURE 2. INPUT-TO-OUTPUT TIMING 
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Typical Performance Curves 


ee ee ee ail 
a Hw, fs = 10 MSPS <I fg = 10 MSPS 
oO 
3 
2 
5 PL 3 
ToS 2 
PN 
100 
INPUT Fee QUENOY (MHz) INPUT FREQUENCY (MHz) 
FIGURE 3. EFFECTIVE NUMBER OF BITS (ENOB) vs INPUT FIGURE 4. SIGNAL TO NOISE AND DISTORTION (SINAD) vs 
FREQUENCY INPUT FREQUENCY 
fs = 10 MSPS fs = 10 MSPS | | Ty 
Teena 2 rewerarune=aste [| [| AT] 
Po ° ” 
J J or 
: : Ha 
7)) = oc w 
Ww o& 
> ~” 
9G 
OF 
S 
1 10 100 100 
INPUT FREQUENCY (MHz) INPUT aise (MHz) 
FIGURE 5. SIGNAL TO NOISE RATIO (SNR) vs INPUT FIGURE 6. TOTAL HARMONIC DISTORTION (THD) vs INPUT 
FREQUENCY FREQUENCY 
80 
| 
pee fg = 10 MSPS 
— TEMPERATURE = 25°C 
70 NT 
nae (all 
mo a 
z ree] 
z 60 2 81 fe<10Mses —__ 
a ti TEMPERATURE = 25°C 
ae ae ag) (Gee ane | 
‘. tn 
wl Ee Ere 
100 
INPUT. eee (MHz) DUTY CYCLE (toLK- Low'tc.k) 
FIGURE 7. SPURIOUS FREE DYNAMIC RANGE (SFDR) vs FIGURE 8. EFFECTIVE NUMBER OF BITS (ENOB) vs CLOCK 
INPUT FREQUENCY DUTY CYCLE AND INPUT FREQUENCY 
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Typical Performance Curves (continued) 


ENOB 
ro) 


“einen ea 


FIGURE 9. EFFECTIVE NUMBER OF BITS (ENOB) vs 
TEMPERATURE AND INPUT FREQUENCY 


326 


fs = 10 MSPS 
322 


Vint = Vin- = Voc 


POWER DISSIPATION (mW) 


-40 -20 0 20 40 60 
TEMPERATURE (°C) 


FIGURE 11. POWER DISSIPATION vs TEMPERATURE 
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3.525 


-20 0 20 40 60 
TEMPERATURE (°C) 


FIGURE 10. INTERNAL VOLTAGE REFERENCE OUTPUT 
(Vrout) vs TEMPERATURE AND LOAD 
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CURRENT (mA) 
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FIGURE 12. POWER SUPPLY CURRENT vs TEMPERATURE 


fin = 1MHz, fg = 10 MSPS 


1024 
FREQUENCY BIN 


FIGURE 13. 4096 POINT FFT SPECTRAL PLOT 
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Pin Descriptions 


nwo name [__oeSCRIPTION 
en RS 
[= [eco foams eon 


a 
o [vos eeevne ome 
ac 
5 
2 
2 
aca 
[a 
[Pa 


Data Bit 7 Output. 
Data Bit 6 Output. 


ce 
2 
[28 [aaersoum 
ae 
2 
[20 [oaasrooumese 


Detailed Description 


Theory of Operation 


The HI5808 is a 12-bit fully differential sampling pipeline A/D 
converter with digital error correction. Figure 14 depicts the 
circuit for the front end differential-in-differential-out sample- 
and-hold (S/H). The switches are controlled by an internal 
clock which is a non-overlapping two phase signal, 6; and 9, 
derived from the master clock. During the sampling phase, 
61, the input signal is applied to the sampling capacitors, 
Cs. At the same time the holding capacitors, Cy, are 
discharged to analog ground. At the falling edge of o; the 
input signal is sampled on the bottom plates of the sampling 


capacitors. In the next clock phase, 2, the two bottom 
plates of the sampling capacitors are connected together 
and the holding capacitors are switched to the op-amp out- 
put nodes. The charge then redistributes between Cs and 
Cy completing one sample-and-hold cycle. The output is a 
fully-differential, sampled-data representation of the analog 
input. The circuit not only performs the sample-and-hold 
function but will also convert a single-ended input to a fully- 
differential output for the converter core. During the sampling 
phase, the Vij pins see only the on-resistance of a switch 
and Cs. The relatively small values of these components 
result in a typical full power input bandwidth of 100MHz for 
the converter. 


4 
= Jen Vout+ 
ine be Vout~ 
04 


FIGURE 14. ANALOG INPUT SAMPLE-AND-HOLD 


As illustrated in the functional block diagram and the timing 
diagram in Figure 1, three identical pipeline subconverter 
stages, each containing a four-bit flash converter, a four-bit digi- 
tal-to-analog converter and an amplifier with a voltage gain of 8, 
follow the S/H circuit with the fourth stage being only a 4-bit 
flash converter. Each converter stage in the pipeline will be 
sampling in one phase and amplifying in the other clock phase. 
Each individual sub-converter clock signal is offset by 180 
degrees from the previous stage clock signal, with the result 
that alternate stages in the pipeline will perform the same 
operation. 


The digital output of each of the three identical 4-bit 
subconverter stages is a four-bit digital word containing a sup- 
plementary bit to be used by the digital error correction logic. 
The output of each subconverter stage is input to a digital delay 
line which is controlled by the internal sampling clock. The func- 
tion of the digital delay line is to time align the digital outputs of 
the three identical four-bit subconverter stages with the corre- 
sponding output of the fourth stage flash converter before 
applying the sixteen bit result to the digital error correction logic. 
The digital error correction logic uses the supplementary bits to 
correct any error that may exist before generating the final 


twelve bit digital data output of the converter. , 


Because of the pipeline nature of this converter, the digital 
data representing an analog input sample is output to the 
digital data bus on the 3rd cycle of the clock after the analog 
sample is taken. This time delay is specified as the data 
latency. After the data latency time, the digital data 
representing each succeeding analog sample is output on 
the following clock pulse. The digital output data is synchro- 
nized to the external sampling clock with an output latch. The 
output of the digital error correction circuit is available in off- 
set binary format (see Table 1, A/D Code Table). 
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TABLE 1. A/D CODE TABLE 


DIFFERENTIAL 
INPUT VOLTAGE + 
(USING INTERNAL 

REFERENCE) 


CODE CENTER 
DESCRIPTION 


+Full Scale (+FS) - 1/4 LSB | +1.99976V 


OFFSET BINARY OUTPUT CODE 


ee 
ren [oe] [| or [om [om [oe [oe [oe [oi | oo 
CTT 


AE RRERESER ERE 
1 1 1 1 1 1 


ee a: 


-/4LSB -244.1V 
-1.99829V 


T The voltages listed above represent the ideal center of each offset binary output code shown. 


Internal Reference Generator, Vaoyt and Varin 


The HI5808 has an internal reference generator, therefore, no 
external reference voltage is required. Vaout must be 
connected to Vrix when using the internal reference voltage. 


The HI5808 can be used with an external reference. The 
converter requires only one external reference voltage con- 
nected to the Vay pin with Vaourt left open. 


The HI5808 is tested with Vajix equal to 3.5V. Internal to the 
converter, two reference voltages of 1.3V and 3.3V are 
generated for a fully differential input signal range of +2V. 


In order to minimize overall converter noise, it is 
recommended that adequate high frequency decoupling be 
provided at the reference voltage input pin, Vain. 


Analog Input, Differential Connection 


The analog input to the HI5808 can be configured in various 
ways depending on the signal source and the required level 
of performance. A fully differential connection (Figure 15) will 
give the best performance for the converter. 


Vint 


HI5808 


FIGURE 15. AC COUPLED DIFFERENTIAL INPUT 


Since the HI5808 is powered off a single +5V supply, the 
analog input must be biased so it lies within the analog input 
common mode voltage range of 1.0V to 4.0V. The 
performance of the ADC does not change significantly with 
the value of the analog input common mode voltage. 


A 2.3V DC bias voltage source, Vpc, half way between the 
top and bottom internal reference voltages, is made avail- 
able to the user to help simplify circuit design when using a 
differential input. This low output impedance voltage source 
is not designed to be a reference but makes an excellent 
bias source and stays within the analog input common mode 
voltage range over temperature. 


The difference between the converters two internal voltage 
references is 2V. For the AC coupled differential input, (Figure 
15), if Vin is a 2Vp_p sinewave with -Vijy being 180 degrees out 
of phase with Vin, then Vix+ is a 2Vp_p sinewave riding on a 
DC bias voltage equal to Vpc and Vjx- is a 2Vp.p sinewave 
riding on a DC bias voltage equal to Vpc. Consequently, the 
converter will be at positive full scale, all 1s digital data output 
code, when the Vjjyj+ input is at Voc +1V and the Vj,\- input is at 
Voc -1V (Vint-Vin- = 2V). Conversely, the ADC will be at 
negative full scale, all Os digital data output code, when the 
Vint input is equal to Voc -1V and Vjn- is at Vpc+1V 
(Vint-Vin- = -2V). From this, the converter is seen to have 
a peak-to-peak differential analog input voltage range of +2V. 


The analog input can be DC coupled (Figure 16) as long as 

the inputs are within the analog input common mode voltage 
range (1.0V < VDC < 4.0V). 

VIN 

vDc 


& 


vbc 


FIGURE 16. DC COUPLED DIFFERENTIAL INPUT 


The resistors, R, in Figure 16 are not absolutely necessary 
but may be used as load setting resistors. A capacitor, C, 
connected from Viy+ to Vin- will help filter any high 
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frequency noise on the inputs, also improving performance. 
Values around 20pF are sufficient and can be used on AC 
coupled inputs as well. Note, however, that the value of 
capacitor C chosen must take into account the highest 
frequency component of the analog input signal. 


Analog Input, Single-Ended Connection 


The configuration shown in Figure 17 may be used with a 
single ended AC coupled input. Sufficient headroom must be 
provided such that the input voltage never goes above +5V 


or below Agnp.- 


VIN eV) | Vin+ 
vbDCc HiI5808 
<t1 Vin- 


FIGURE 17. AC COUPLED SINGLE ENDED INPUT 


Again, the difference between the two internal voltage 
references is 2V. If Vix, is a 4Vp_p sinewave, then Vijy+ is a 
4Vp.p sinewave riding on a positive voltage equal to VDC. 
The converter will be at positive full scale when Vj\\+ is at 
VDC + 2V (Vint - Vin- = 2V) and will be at negative full 
scale when Vinj+ is equal to VDC - 2V (Vint - Vin- = -2V). 
In this case, VDC could range between 2V and 3V without 
a significant change in ADC performance. The simplest 
way to produce VDC is to use the Vpc bias voltage output 
of the HI5808. 


The single ended analog input can be DC coupled (Figure 
18) as long as the input is within the analog input common 
mode voltage range. 


VIN 
vpc 


vbc 


FIGURE 18. DC COUPLED SINGLE ENDED INPUT 


The resistor, R, in Figure 18 is not absolutely necessary but 
may be used as a load setting resistor. A capacitor, C, con- 
nected from Vin+ to Vin- will help filter any high frequency 
noise on the inputs, also improving performance. Values 
around 20pF are sufficient and can be used on AC coupled 
inputs as well. Note, however, that the value of capacitor C 
chosen must take into account the highest frequency 
component of the analog input signal. 


A single ended source will give better overall system 
performance if it is first converted to differential before 
driving the HI5808. 


Digital /O and Clock Requirements 


The HI5808 provides a standard high-speed interface to 
external TTL/CMOS logic families. The digital CMOS clock 
input has TTL level thresholds. The low input bias current 
allows the HI5808 to be driven by CMOS logic. 


The digital CMOS outputs have a separate digital supply. This 
allows the digital outputs to operate from a 3.0V to 5.0V supply. 
When driving CMOS logic, the digital outputs will swing to the 
rails. When driving standard TTL loads, the digital outputs will 
meet standard TTL level requirements even with a 3.0V supply. 


In order to ensure rated performance of the HI5808, the duty 
cycle of the clock should be held at 50% +5%. It must also 
have low jitter and operate at standard TTL levels. 


Performance of the HI5808 will only be guaranteed at 
conversion rates above 0.5 MSPS. This ensures proper 
performance of the internal dynamic circuits. 


Supply and Ground Considerations 


The HI5808 has separate analog and digital supply and 
ground pins to keep digital noise out of the analog signal path. 
The part should be mounted on a board that provides sepa- 
rate low impedance connections for the analog and digital 
supplies and grounds. For best performance, the supplies to 
the HI5808 should be driven by clean, linear regulated sup- 
plies. The board should also have good high frequency 
decoupling capacitors mounted as close as possible to the 
converter. If the part is powered off a single supply then the 
analog supply and ground pins should be isolated by ferrite 
beads from the digital supply and ground pins. 


Refer to the Application Note AN9214, “Using Harris High 
Speed A/D Converters” for additional considerations when 
using high speed converters. 


Static Performance Definitions 


Offset Error (Vos) 


The midscale code transition should occur at a level "4 LSB 
above half-scale. Offset is defined as the deviation of the 
actual code transition from this point. 

Full-Scale Error (FSE) 


The last code transition should occur for an analog input that 
is 3/4 LSB below positive full scale with the offset error 
removed. Full-scale error is defined as the deviation of the 
actual code transition from this point. 


Differential Linearity Error (DNL) 


DNL is the worst case deviation of a code width from the 
ideal value of 1 LSB. 


integral Linearity Error (INL) 


INL is the worst case deviation of a code center from a best 
fit straight line calculated from the measured data. 


Power Supply Rejection Ratio (PSRR) 


Each of the power supplies are moved plus and minus 5% 
and the shift in the offset and gain error (in LSBs) is noted. 
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Dynamic Performance Definitions 


Fast Fourier Transform (FFT) techniques are used to 
evaluate the dynamic performance of the HI5808. A low 
distortion sine wave is applied to the input, it is coherently 
sampled, and the output is stored in RAM. The data is then 
transformed into the frequency domain with an FFT and ana- 
lyzed to evaluate the dynamic performance of the A/D. The 
sine wave input to the part is -0.5dB down from full scale for 
all these tests. SNR and SINAD are quoted in dB. The 
distortion numbers are quoted in dBc (decibels with respect 
to carrier) and DO NOT include any correction factors for 
normalizing to full scale. 


Signal-to-Noise Ratio (SNR) 


SNR is the measured RMS signal to RMS noise at a 
specified input and sampling frequency. The noise is the 
RMS sum of all of the spectral components except the 
fundamental and the first five harmonics. 


Signal-to-Noise + Distortion Ratio (SINAD) 


SINAD is the measured RMS signal to RMS sum of all 
other spectral components below the Nyquist frequency, 
fs/2, excluding DC. 


Effective Number Of Bits (ENOB) 


The effective number of bits (ENOB) is calculated from the 
SINAD data by: 


ENOB = (SINAD + Vogpp-1.76)/6.02, 


where: Vcorr = 0.5aB. 


Vcore adjusts the ENOB for the amount the input is below 
full scale. 


Total Harmonic Distortion (THD) 


THD is the ratio of the RMS sum of the first 5 harmonic 
components to the RMS value of the fundamental input 
signal. 


2nd and 3rd Harmonic Distortion 


This is the ratio of the RMS value of the applicable 
harmonic component to the RMS value of the fundamental 
input signal. 


Spurious Free Dynamic Range (SFDR) 


SFDR is the ratio of the fundamental RMS amplitude to the 
RMS amplitude of the next largest spur or spectral compo- 
nent in the spectrum below fs/2. 


intermodulation Distortion (IMD) 


Nonlinearities in the signal path will tend to generate inter- 
modulation products when two tones, f; and fo, are present 
at the inputs. The ratio of the measured signal to the 
distortion terms is calculated. The terms included in the 
calculation are (f; + fo), (fy - fo), (2f1), (2fo), (2f + fo), 
(2f; - fo), (f4 + 2fo), (fy - 2fo). The ADC is tested with each 
tone 6dB below full scale. 


Transient Response 


Transient response is measured by providing a full-scale 
transition to the analog input of the ADC and measuring the 
number of cycles it takes for the output code to settle within 
12-bit accuracy. 


Over-Voltage Recovery 


Over-voltage Recovery is measured by providing a full-scale 
transition to the analog input of the ADC which overdrives 
the input by 200mV, and measuring the number of cycles it 
takes for the output code to settle within 12-bit accuracy. 


Full Power Input Bandwidth (FPBW) 


Full power input bandwidth is the analog input frequency at 
which the amplitude of the digitally reconstructed output has 
decreased 3dB below the amplitude of the input sinewave. 
The input sinewave has an amplitude which swings from -fs 
to +fg. The bandwidth given is measured at the specified 
sampling frequency. 


Timing Definitions 


Refer to Figure 1, Internal Circuit Timing, and Figure 2, 
Input-To-Output Timing, for these definitions. 


Aperture Delay (tap) 


Aperture delay is the time delay between the external 
sample command (the falling edge of the clock) and the time 
at which the signal is actually sampled. This delay is due to 
internal clock path propagation delays. 


Aperture Jitter (tay) 


Aperture Jitter is the RMS variation in the aperture delay due 
to variation of internal clock path delays. 


Data Hold Time (ty) 


Data hold time is the time to where the previous data (N - 1) 
is no longer valid. 


Data Output Delay Time (top) 


Data output delay time is the time to where the new data (N) 
is valid. 


Data Latency (tat) 


After the analog sample is taken, the digital data is output on 
the bus at the third cycle of the clock. This is due to the pipe- 
line nature of the converter where the data has to ripple 
through the stages. This delay is specified as the data 
latency. After the data latency time, the data representing 
each succeeding sample is output at the following clock 
pulse. The digital data lags the analog input sample by 3 
clock cycles. 
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Features Description 


¢ Sampling Rate The HI5905 is a monolithic, 14-bit, Analog-to-Digital 
» Low Power at 5 MSPS Converter fabricated in Harris’ HBC10 BiCMOS process. It is 
designed for high speed, high resolution applications where 
e Internal Sample and Hold wide bandwidth, low power consumption and excellent 
SINAD performance are essential. With a 100MHz full power 
input bandwidth the converter is ideal for many types of com- 
Full Power Input Bandwidth munication systems and document scanner applications. 


Fully Differential Architecture 


Typical SINAD at 1MHz The HI5905 is designed in a fully differential pipelined 
architecture with a front end differential-in-differential-out 

Low Latency sample-and-hold (S/H). The HI5905 has excellent dynamic 

Internal Voltage Reference performance while consuming 350mW power at 5 MSPS. 


TTL Compatible Clock Input Data output latches are provided which present valid data to 


the output bus with a latency of 4 clock cycles. 
CMOS Compatible Digital Data Outputs 


Ordering Information 


Applications 
PART SAMPLE TEMP. 
¢ Asymmetric Digital Subscriber Line (ADSL) NUMBER | RATE | RANGE (°C) 


Digital Communication Systems HIS905IN |S MSPS -40 085 |44Ld MQFP | Q44.10x10 


Undersampling Digital IF 


Document Scanners 


Reference Literature 
- AN9214 Using Harris High Speed A/D Converters 


A/D CONVERTERS 
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Pinout HI5905 (MQFP) 
TOP VIEW 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 4259 
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Selection Guide 


ANALOG TO DIGITAL CONVERTERS WITH DISPLAY OUTPUTS (2 Chip Sets) 


PART CONVERSION TIME 
NUMBER | OUTPUT TYPE | RESOLUTION (SAMPLE RATE) PACKAGE TYPES FEATURES 
ICL7135 | MUXED BCD 41/5 Digits 250ms 28 Lead Plastic DIP 2 Chip Set 
(4SPS) 100uV Resolution, Differential Inputs 


NOTE: Sorted by ascending resolution (Digits) and conversion time. 
\a / 
ANALOG (0 E NH) G DISPLAY 
INPUT Ava (0 ——> BX I > DRIVER 
SIGNAL le g OUTPUTS 
Yd \ 


a} HARRIS HI-7159A 


Complete Data Sheet available via web, Harris’ 


home page: http://www.semi.harris.com Micro rocessor-Compatible, 
August 1997 or via Harris AnswerFAX, see Section 17 5 '/5 Digit A/D Converter 


Features Description 


e +200,000 Count A/D Converter The Harris HI-7159A is a monolithic A/D converter that uses 
2V Full Scale Reading With 10u.V Resolution a unique dual slope technique which allows it to resolve 
input changes as small as 1 part in 200,000 (10uLV) without 
15 Conversions Per Second in 5'/p Digit Mode the use of critical external components. Its digital autozero- 
60 Conversions Per Second in 4 1p Digit Mode ing feature virtually eliminates zero drift over temperature. 
The device is fabricated in Harris’ proprietary low noise 
BiMOS process, resulting in exceptional linearity and noise 
Four Selectable Baud Rates performance. The HI-7159A’s resolution can be switched 
between a high resolution 200,000 count (5/5 digit) mode, 
and a high speed 20,000 count (41/5 digit) mode without any 
Differential Reference Input hardware modifications. In the 4°/> digit uncompensated 
mode, speeds of 60 conversions per second can be 
achieved. The HI-7159A is designed to be easily interfaced 
: . with most microprocessors through either of its three serial 
Applications and one parallel interface modes. In the serial modes, any 
one of four common baud rates is available. 


Serial or Parallel Interface Modes 
Differential Analog Input 


Digital Autozero 


¢ Weigh Scales 
¢ Part Counting Scales Ordering Information 


¢ Laboratory Instruments TEMP 
Process Control/Monitoring PART NUMBER | RANGE (°C) PACKAGE 
Energy Management H13-7159A-5 28 Ld PDIP E28.6 


Seismic Monitoring 


Pinout Functional Block Diagram 


HI-7159A 
(PDIP) 
TOP VIEW 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2936.2 
Copyright © Harris Corporation 1997 5-3 


Ww HARRIS ICL7109 


Complete Data Sheet available via web, Harris’ 


home page: http://www.semi.harris.com 12-Bit, Microprocessor- 
August 1997 or via Harris AnswerFAX, see Section 17 Compatible A/D Converter 
Features Description 
¢ 12-Bit Binary (Plus Polarity and Over-Range) Dual The ICL7109 is a high performance, CMOS, low power 
Slope Integrating Analog-to-Digital Converter integrating A/D converter designed to easily interface with 
¢ Byte-Organized, TTL Compatible Three-State Outputs pueteyeneasaee es 
and UART Handshake Mode for Simple Parallel or The output data (12 bits, polarity and over-range) may be 
Serial Interfacing to Microprocessor Systems directly accessed under control of two byte enable inputs and a 


chip select input for a single parallel bus interface. A UART 
handshake mode is provided to allow the ICL7109 to work with 
industry-standard UARTs in providing serial data transmission. 
° True Differential Input and Differential Reference The RUN/HOLD input and STATUS output allow monitoring 
and control of conversion timing. 


e RUN/HOLD Input and STATUS Output Can Be Used to 
Monitor and Control Conversion Timing 


LOW NOISG (TYP) scecseucasewcssecenawaas 15uUVp_p 

The ICL7109 provides the user with the high accuracy, low 

noise, low drift versatility and economy of the dual-slope 

° Operates At Up to 30 Conversions/s integrating A/D converter. Features like true differential input 
; and reference, drift of less than 1.V/°C, maximum input bias 

* On-Chip Oscillator Operates with Inexpensive 3.58MHZ = current of 10pA, and typical power consumption of 20mW 


TV Crystal Giving 7.5 Conversions/s for 60Hz Rejection. make the ICL7109 an attractive per-channel alternative to 
May Also Be Used with An RC Network Oscillator for = analog multiplexing for many data acquisition applications. 


Other Clock Frequencies 


po eed |) 1pA 


Ordering Information Pinout 


vedo’ 7 (CERDIP, PDIP, SBDIP) 
PART NUMBER | RANGE (°C) TOP VIEW 


jecronct | wes fouseor [owe 


V+ 

REF IN - 
REF CAP- 
REF CAP+ 
REF IN+ 

IN HI 

INLO 
COMMON 
INT 

AZ 

BUF 

REF OUT 
V- 

SEND 
RUN/HOLD 
BUF OSC OUT 
OSC SEL 
OSC OUT 
OSC IN 
MODE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3092 1 
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HARRIS ICL7135 


Complete Data Sheet available via web, Harris’ 4 -_ 
home page: http://www.semi.harris.com 4 Ip Digit, 


August 1997 or via Harris AnswerFAX, see Section 17 BCD Output, A/D Converter 


Features Description 


e Accuracy Guaranteed to +1 Count Over Entire +20000 The Harris I1CL7135 precision A/D converter, with its multi- 

Counts (2.0000V Full Scale) plexed BCD output and digit drivers, combines dual-slope 
conversion reliability with +1 in 20,000 count accuracy and is 
ideally suited for the visual display DVM/DPM market. The 
¢ 1pA Typical Input Leakage Current 2.0000V full scale capability, auto-zero, and auto-polarity are 
combined with true ratiometric operation, almost ideal differ- 
ential linearity and true differential input. All necessary active 


¢ True Polarity at Zero Count for Precise Null Detection devices are contained on a single CMOS IC, with the excep- 
tion of display drivers, reference, and a clock. 


Guaranteed Zero Reading for OV Input 
¢ True Differential Input 


e Single Reference Voltage Required 
The ICL7135 brings together an unprecedented combination 


* Overrange and Underrange Signals Available for of high accuracy, versatility, and true economy. It features 


Auto-Range Capability auto-zero to less than 10V, zero drift of less than 1nV/°C, 

¢ All Outputs TTL Compatible input bias current of 10pA (Max), and rollover error of less 
— ae than one count. The versatility of multiplexed BCD outputs is 

* Blinking Outputs Gives Visual Indication of Overrange increased by the addition of several pins which allow it to 


operate in more sophisticated systems. These include 
STROBE, OVERRANGE, UNDERRANGE, RUN/HOLD and 
BUSY lines, making it possible to interface the circuit to a 
e Multiplexed BCD Outputs microprocessor or UART. 


¢ Six Auxiliary Inputs/Outputs are Available for Interfacing 
to UARTs, Microprocessors, or Other Circuitry 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) PACKAGE 


” 
ICL7135CPI 0to70 |28Ld PDIP E28.6 eo 
Ez 
cre 
wi < 
- ->c 
Pinout Ss ad 
OF 
ICL7135 = 
(PDIP) S 
TOP VIEW 
V- 28] UNDERRANGE 
REFERENCE | 2) OVERRANGE 
ANALOG COMMON | 3| 26] STROBE 
INT OUT | 4) 25] R/H 
AZ IN| 5| 24] DIGITAL GND 
BUFF OUT | 6| 23] POL 
REF CAP - CLOCK IN 
REF CAP + 121] BUSY 
IN LO | 9] 20] (LSD) D1 
IN HI |10} 19] D2 
V+ 18] D3 
(MSD) D5 D4 
(LSB) B1 |13} 16] (MSB) B8 
B2 15] B4 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3093.1 
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oben ICL8052/ICL7104, 
pareneneetes ICL8068/ICL7104 


Complete Data Sheet available via web, Harris’ 14-Bit/16-Bit, Microprocessor- 


home page: http://www.semi.harris.com : 2 : 
MOORE) cd cicrareine AM eyIMYRAN. 4mm action 17 Compatible, 2-Chip, A/D Converter 


aD 


Features Description 


¢ 16-Bit/14-Bit Binary Three-State Latched Outputs Plus The ICL7104, combined with the ICL8052 or ICL8068, 

Polarity and Overrange forms a member of Harris’ high performance A/D converter 

. family. The |CL7104-16, performs the analog switching and 

Ideally BONE oh nenage to SR Sane digital function for a 16-bit binary A/D converter, <a full 

Microprocessors three-state output, UART handshake capability, and other 

Conversion on Demand or Continuously outputs for easy interfacing. The ICL7014-14 is a 14-bit 

version. The analog section, as with all Harris’ integrating 

converters, provides fully precise Auto-Zero, Auto-Polarity 

True Polarity at Zero Count for Precise Null Detection (including +0 null indication), single reference operation, 

very high input impedance, true input integration over a 

Single Reference Voltage for True Ratiometric constant period for maximum EMI rejection, fully 

Operation rationmetric operation, over-range indication, and a 

Onboard Clock and Reference medium quality built-in reference. The chip pair also offers 

optional input buffer gain for high sensitivity applications, a 

Auto-Zero, Auto-Polarity built-in clock oscillator, and output signals for providing an 

external Auto-Zero capability in preconditioning circuitry, 
synchronizing external multiplexers, etc. 


Guaranteed Zero Reading for OV Input 


Accuracy Guaranteed to 1 Count 


All Outputs TTL Compatible 
+4V Analog Input Range Ordering Information 


Status Signal Available for External Sync, A/Z in  waviion (abel rem |e 
Preamp, Etc. PART NUMBER | RANGE (°C) PACKAGE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3091 1 
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ICL8052/ICL7104, ICL8068/ICL7104 


Pinouts 
ICL8052/ICL8068 1CL7104 
(CERDIP, PDIP) (PDIP) 
TOP VIEW TOP VIEW 
ICL7104-16 1CL7104-14 ICL7104-14  1CL7104-16 
v- V++ V++ V- 
DIG GND DIG GND COMP IN 
COMP OUT | 2] 
STTS STTS REFCAP 1 
REF CAP | 3) POL POL —_ 
REF BYPASS | 4] OR OR AZ 
Gnp [| BIT 16 BIT 14 ale 
REF out [61 BIT 15 BIT 13 REFCAP 2 
BIT 14 BIT 12 BUF IN 
REF SUPPLY ICL8052/ [8] V++ 
ICL8068 BIT 13 BIT 11 ANALOG UP 
BIT 12 BIT 10 1CL7104-14 V+ 
(OUTLINE DWGS DD, JD, PD) Bite —_— pene DL, SELB 
BIT 10 NC SEN 
BIT 9 NC R/A 
BIT 8 BIT 8 MODE 
BIT 7 BIT 7 CLK 2 
BIT 6 BIT 6 CLK 1 
BITS BITS CLK 3 HBEN 
BIT 4 BIT 4 HBEN MBEN 
BIT 3 BIT 3 LBEN 
BIT 2 BIT 2 BIT 1 
Functional Block Diagram n Z 
R c TT) 
+15V -15V no) <d BITS = = 
-BUFIN |BUF OUT] -INTIN |INT OUT orotic isa 132 110 le ; 6 5 4 3 2 1 = = 
@---@---@---@----:1 rQ@ @-@ O€ 
10 9 11 14 ' 115 14 [6 I7 8 fo ME i zO 
BUFFER INTEG. ; , 5 = 
COMP. comp i] = THREE-STATE OUTPUTS, i THREE- | THREE-staTE OUTPUTS OUTPUTS oz 
1 se 
! \ —_ 2 
> 5 HY! TTL i 2 BEN 
8052/8068 21 : 
ori at | kaTCHES bs ;MBEN 
+INT IN }12 . SOKQ] sey | 
Sah eee as ieey Sean e Ree TTTT TTT TTT TTL | 22) sLBEN 
| 
oaz | counreR S0,CEMLD 
az | COMP IN 800k! ; 
36 739 1 
1 
29) SEN 
s 
> CROSSING CONTROL LOGIC ml aia 
DETECTOR 981 R/A 
be ) 
i 
} 
i 
31 40 25 26 g ! 
eee eeee eee ee ew eee ee ee H--@-- —)-- -© --@-- ©- - ~~) - 4 
REF CAP (1) REF CAP (2) +415V 9 +5V -15V CLOCKCLOCK STTS 
CreF (1) (2) 


FIGURE 1. ICL8052A (8068A)ICL7104 16-BIT/14-BIT A/D CONVERTER FUNCTIONAL DIAGRAM 
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A/D Converter - SAR Data Sheets 


ADC0802, ADC0803 
ADC0804 


CA3310, CA3310A 


HI-574A, HI-674A, 
HI-774 


HI5810 
HI5812 
HI5813 
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CMOS 3.3V, 25 Microsecond, 12-Bit, Sampling A/D Converter with Internal Track and Hold... 6-49 
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8-BIT SUCCESSIVE APPROXIMATION A/D CONVERTER 


CONV. 
CONV. RATE INL TEMP. 
DEVICE OUTPUTS TYPE (KSPS) (LSB) | RANGE | Vrer FEATURES 
1 
+'/. 


ADC0802 Successive 


XT | 80C48 and 80C80/85 Bus Compatible - No Interfacing 


Three-State | Approximation 


COM {E 
3 ce Logic Required, Conversion Time <100us, Easy Inter- 
ADC0802 +14 | IND | face to Most Microprocessors, Will Operate in a “Stand 
ADCO802 LD + MIL Alone” Mode, Differential Analog Voltage Inputs, Works 
JADCOBO2 tf ome with Bandgap Voltage References, TTL Compatible In- 


puts and Outputs, On-Chip Clock Generator, OV to 5V 
Analog Voltage Input Range (Single +5V Supply), No 
Zero-Adjust Required 


= 


ADC0802 LCWM 


TECH- 


INPUT TEMP. 
RANGE| INL | DNL |RANG 
NOLOGY] SUPPLY (V) (Vv) |(LSB)](LSB)] E |Vper FEATURES 


77 15 | CMOS ADJ | 40.75 | +0.75 | IND | CMOS Low Power (15mW Typ), Single 
Supply Voltage (3V to 6V), 13s Conver- 
Eo sion Time, Built-In Track and Hold, Rail- 
+0.75 | +0.75 to-Rail Input Range, Latched Three-State 
aa [+0.75 | +0.75 | IND | Output Drivers, Microprocessor-Compati- 
a | 40.5 | 40.5 | IND | ble Control Lines, Internal or External 

Clock 

at 


12-BIT SUCCESSIVE APPROXIMATION A/D CONVERTER 


CONV. POWER | INPUT 
MIL. CONV. RATE | TECH- | SUPPLY] RANGE| INL | DNL | TEMP. 
DEVICE SPEC | OUTPUTS TYPE (KSPS) JNOLOGY| (V) (V) | (LSB) | (LSB) | RANGE | Vper FEATURES 


HI5813 JIP, 12-Bit Successive CMOS t= EXT |3.3V Supply, 25us Conversion, Same as 


Latched Approximation 
nin 


Successive 
Approximation 


10-Bit 
Microprocessor 
Compatible 


enero |e 
exssio | _ 


Three-State 


SPINE) UOO9j9S 
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12-BIT SUCCESSIVE APPROXIMATION A/D CONVERTER (Continued) 


MIL 
DEVICE SPEC | OUTPUTS 


HI3-574AJNN 5 fo 8, 12, or 

16-Bit 
HI3-574AKN | - 
HIS-S74AKN | -5 | |r tate 
HIS-S74ALN | -5 [| Digital 
HI1-574AUD | -5 Menace Tor 
HIN-S74AJD | -5 |_| sicroproces- 
HI1-574ALD 


HI1-574ASD 


Latched 
Three-State 


8, 12, or 16- 
Bit Three- 


Digital Inter- 
face for Micro- 


HI1-674ASD 
HI1-674ATD 


12-Bit 
Latched 
Three-State 


Successive 
Approximation 


Successive 
Approximation 


Successive 
Approximation 
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A/D CONVERTERS 


Successive 
Approximation 


SAR 


ii 


- ae 
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Complete 12-Bit A/D Converter with Refer- 
ence and Clock, Full 8-, 12- or 16-Bit Micropro- 
cessor Bus Interface 

150ns Bus Access Time, No Missing Codes 
Over Temperature, Minimal Setup Time for 
Control Signals, 25s Max Conversion Times, 
Low Noise, via Current-Mode Signal Transmis- 
sion Between Chips, Byte Enable/Short Cycle 
(Ap Input), Guaranteed Break-Before-Make Ac- 
tion, Eliminating Bus Contention During Read 
Operation. Latched by Start Convert Input (To 
Set the Conversion Length), +12V to +15V Op- 
eration 


20us Conversion Time, 50 KSPS Throughput 
Rate, Built-In Track and Hold, Single +5V Sup- 
ply Voltage, 25mW Maximum Power Con- 
sumption, Internal or External Clock 


Complete 12-Bit A/D Converter with Reference 
and Clock, Full 8-, 12- or 16-Bit Microprocessor 
Bus Interface, 150ns Bus Access Time, No 
Missing Codes Over Temperature, Minimal Set- 
up Time for Control Signals, 15s Max Conver- 
sion Times, Low Noise, via Current-Mode 
Signal Transmission Between Chips, Byte En- 
able/Short Cycle (Ao Input), Guaranteed 
Break-Before-Make Action, Eliminating Bus 
Contention During Read Operation. Latched by 
Start Convert Input (To Set the Conversion 
Length), +12V to +15V Operation 


10us Conversion Time, 100 KSPS Throughput 
Rate, Built-In Track and Hold, Single +5V Sup- 
ply Voltage, 40mW Maximum Power Con- 
sumption, Internal or External Clock, 1MHz 
Input Bandwidth -3dB 


(panunuod) SpIN®) UOIIIajaS 


12-BIT SUCCESSIVE APPROXIMATION A/D CONVERTER (Continued) 


CONV. POWER | INPUT 
MIL CONV. RATE | TECH- “ni e INL | DNL | TEMP. 
SPEC | OUTPUTS TYPE (KSPS) | NOLOGY (LSB) | (LSB) | RANGE FEATURES 


FHI3-7745 | | 8, 12, or 16- | Successive 


Bipolar }+12 or +15 41.0 | = | COM. Complete 12-Bit A/D Converter with Refer- 
7 Three- Approximation ence and Clock, Full 8-, 12- or 16-Bit Micropro- 
ar" ros [|_| com 
State cessor Bus Interface 
HI1-774J — Digital Inter- 41.0] | CoM | 150ns Bus Access Time, No Missing Codes 
HI1-774K face for Micro- Over Temperature, Minimal Setup Time for 
processor | 40.5 | ~~ | COM | Control Signals, 91s Max Conversion Times, 
. Control Digital Error Correction (HI-774), Low Noise, via 
cc a [205 [ [com | [Dita nor Comecton (4.774 
Current-Mode Signal Transmission Between 
Hit-7748 p#10 | | MiL_| — chips, Byte Enable/Short Cycle (Ao Input), 
HI1-774T MIL Guaranteed Break-Before-Make Action, Elimi- 
ee! p+05 | | Mu nating Bus Contention During Read Operation. 
HI1-774U MIL Latched by Start Convert Input (To Set the Con- 
version Length), +12V to +15V Operation 


(penunucd) SpINH) UolIajaS 


enna ADC0804 


Complete Data Sheet available via web, Harris’ 


home page: http://www.semi.harris.com 8-Bit, Microprocessor- 
August 1997 or via Harris AnswerFAX, see Section 17 Compatible, A/D Converters 
Features Description 
¢ 80C48 and 80C80/85 Bus Compatible - No Interfacing The ADC0802 family are CMOS 8-Bit, successive-approxi- 
Logic Required mation A/D converters which use a modified potentiometric 
* Conversion Time < 100us ladder and are designed to operate with the 8080A control 


bus via three-state outputs. These converters appear to the 
processor as memory locations or I/O ports, and hence no 


Easy Interface to Most Microprocessors 


¢ Will Operate in a “Stand Alone” Mode interfacing logic is required. 
¢ Differential Analog Voltage Inputs The differential analog voltage input has good common- 
¢ Works with Bandgap Voltage References mode-rejection and permits offsetting the analog zero-input- 


voltage value. In addition, the voltage reference input can be 
* TTL Compatible Inputs and Outputs adjusted to allow encoding any smaller analog voltage span 
¢ On-Chip Clock Generator to the full 8 bits of resolution. 


¢ OV to 5V Analog Voltage Input Range (Single + 5V Supply) 
¢ No Zero-Adjust Required 


Ordering Information 


Vrer/2 Adjusted for Correct Full Scale 


Pinout 


ADC0802, ADC0803, ADC0804 
(PDIP, CERDIP) 
TOP VIEW 


” 
em 
Ww 
— 
em 
Lu 
> 
=< 
O 
O 
O 
z 


Coit 20] V+ OR Veer 
RD | 2| 19] CLK R 
WR [3 18} DBo (LSB) ANY 
CLK IN [4 7] DB, BPROCESSOR 8-BIT RESOLUTION 
INTR [5| 16] DB2 DESIRED 
vn [oe Fg] 0B, VOLTAGE RANGE 
Vin (-) 14] DB, 
AGND [6 73] DBs 
Vrer/2 | 9] 12] DBg 


DGND {10 11] DB7 (msB) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3094.1 
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w HARRIS CA3310, CA3310A 


Complete Data Sheet available via web, Harris’ : 
home page: http://www.semi.harris.com CMOS, 10-Bit, A/D Converters 


August 1997 or via Harris AnswerFAX, see Section 17 with Internal Track and Hold 


Features Description 


¢ CMOS Low Power (Typ) The Harris CA3310 is a fast, low power, 10-bit successive 
approximation analog-to-digital converter, with microprocessor- 
compatible outputs. It uses only a single 3V to 6V supply and 
Conversion Time typically draws just 3mA when operating at 5V. It can accept full 

rail-to-rail input signals, and features a built-in track and hold. 
Built-In Track and Hold The track and hold will follow high bandwidth input signals, as it 
Rail-to-Rail Input Range has only a 100ns (typical) input time constant. 


Single Supply Voltage 


The ten data outputs feature full high-speed CMOS three- 
state bus driver capability, and are latched and held through 
Microprocessor-Compatible Control Lines a full conversion cycle. Separate 8 MSB and 2 LSB enables, 
a data ready flag, and conversion start and ready reset 
inputs complete the microprocessor interface. 


Latched Three-state Output Drivers 


Internal or External Clock 


A pplications An internal, adjustable clock is provided and is available as 
an output. The clock may also be driven from an external 
e Fast, No-Droop, Sample and Hold source. 


¢ Voice Grade Digital Audio Ordering Information 


¢ Remote Low Power Data Acquisition Systems NUMBER | (INL, DNL)| RANGE (°C) 
cxscione [sostse [ owes [artaror eave 


Pinout 


CA3310, CA3310A 
(PDIP, SBDIP, SOIC) 
TOP VIEW 


D9 (MSB) 
DRDY 
Vg (GND) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 6-6 


File Number 3095.1 


tt HARRIS HI-574A, HI-674A, 
SEMICONDUCTOR Hl-774 


Complete, 12-Bit A/D Converters 
August 1997 with Microprocessor Interface 


Features 
Complete 12-Bit A/D Converter with Reference and Clock 
Full 8-Bit, 12-Bit or 16-Bit Microprocessor Bus Interface 
Bus Access Time 
No Missing Codes Over Temperature 
Minimal Setup Time for Control Signals 
Fast Conversion Times 
- HI-574A (Max) 
- HI-674A (Max) 
- HI-774 (Max) 
Digital Error Correction (HI-774) 


Low Noise, via Current-Mode Signal 
Transmission Between Chips 


Byte Enable/Short Cycle (Ao Input) 

- Guaranteed Break-Before-Make Action, Eliminating 
Bus Contention During Read Operation. Latched by 
Start Convert Input (To Set the Conversion Length) 


® Supply VONAGS .. 00k ccewncnwenene nes +12V to +15V 


Applications 

e Military and Industrial Data Acquisition Systems 
e Electronic Test and Scientific Instrumentation 

¢ Process Control Systems 


Pinouts 


(PDIP, SBDIP) 
TOP VIEW 


+5V SUPPLY, Vioaic[ 1 | 


DATA MODE SEL, 12/ | 2 | 
CHIP SEL, CS | 3 | 


READ/CONVERT, RIC | 5 | 
CHIP ENABLE, CE [6 
DIGITAL 
+12V/+15V SUPPLY, Voc DATA 


OUTPUTS 
+10V REF, REF OUT | 8 | 


REFERENCE INPUT | 10) 
-12V/-15V SUPPLY, Vee [11] 


10V INPUT | 13) 
20V INPUT | 14] 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3096.4 
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Description 


The HI-X74(A) is a complete 12-bit, Analog-to-Digital 
Converter, including a +10V reference clock, three-state out- 
puts and a digital interface for microprocessor control. Succes- 
sive approximation conversion is performed by two monolithic 
dice housed in a 28 lead package. The bipolar analog die fea- 
tures the Harris Dielectric Isolation process, which provides 
enhanced AC performance and freedom from latch-up. 


Custom design of each IC (bipolar analog and CMOS digital) 
has yielded improved performance over existing versions of 
this converter. The voltage comparator features high PSRR 
plus a high speed current-mode latch, and provides precise 
decisions down to 0.1 LSB of input overdrive. More than 2X 
reduction in noise has been achieved by using current 
instead of voltage for transmission of all signals between the 
analog and digital ICs. Also, the clock oscillator is current 
controlled for excellent stability over temperature. 


The HI-X74(A) offers standard unipolar and bipolar input 
ranges, laser trimmed for specified linearity, gain and offset 
accuracy. The low noise buried zener reference circuit is 
trimmed for minimum temperature coefficient. 


Power requirements are +5V and +12V to +15V, with typical 
dissipation of 385mW (HI-574A/674A) and 390mW (HI-774) at 
12V. All models are available in sidebrazed DIP, PDIP, and 
CLCC. For additional HI-Rel screening including 160 hour burn- 
in, specify “-8” suffix. For MIL-STD-883 compliant parts, request 
HI-574A/883, HI-674A/883, and HI-774/883 data sheets. 


(CLCC) 
TOP VIEW 


+5V SUPPLY, ViocK 


P] SHORT CYCLE, Ao 
CHIP SELECT, CS 
DATA MODE 
STATUS, STS 
DB11, MSB 


BYTE ADDRESS/ 
SELECT, 12/8 


BI 


f 41; 40 
bed bed bed bed 


NC 
NC [8 

READ CONVERT, R/C 
CHIP ENABLE, CE /10: 


+15V SUPPLY, Voc/i1 
+10V REFERENCE, 
REF OUT 


ANALOG COMMON, AC 


REFERENCE INPUT, 
REF IN 


-15V SUPPLY, Veg 
NC 

BIPOLAR OFFSET, 
BIP OFF 


DBilc 


(LSB) DBO 


” 
o 
Lu 
- 
oe 
Lu 
=> 
= 
O 
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HI-574A, HI-674A, HI-774 


Ordering Information 


TEMPERATURE RANGE 
PART NUMBER INL (°c) 


Tassnans | sioiss— Cir idan Cie 
Tasers | sissies idan Cid 


H11-574AKD-5 +0.5 LSB 0 to 75 28 Ld SBDIP D28.6 


HI1-574ALD-5 +0.5 LSB 0 to 75 28 Ld SBDIP D28.6 


H1I1-574ASD-2 
HI1-574ATD-2 


+1.0 LSB -55 to 125 28 Ld SBDIP D28.6 


+0.5 LSB 
+0.5 LSB 


-55 to 125 28 Ld SBDIP D28.6 


H11-574AUD-2 -55 to 125 28 Ld SBDIP D28.6 


H11-574ASD/883 +1.0 LSB 


+0.5 LSB 


-55 to 125 28 Ld SBDIP 


28 Ld SBDIP 


D28.6 
HI1-574ATD/883 D28.6 


HI1-574AUD/883 +0.5 LSB 28 Ld SBDIP 
44 Ld CLCC 
44 Ld CLCC 


44 Ld CLCC 


D28.6 


HI4-574ASE/883 +1.0 LSB J44.A 


H14-574ATE/883 +0.5 LSB J44.A 


H14-574AUE/883 +0.5 LSB -55 to 125 J44.A 


HI3-674AJN-5 +1.0 LSB 0 to 75 28 Ld PDIP 


HI3-674AKN-5 +0.5 LSB 0 to 75 28 Ld PDIP 


HI3-674ALN-5 +0.5 LSB 0 to 75 28 Ld PDIP 


H11-674AJD-5 
HI1-674AKD-5 


+1.0 LSB 0 to 75 28 Ld SBDIP D28.6 


+0.5 LSB 0 to 75 28 Ld SBDIP 


28 Ld SBDIP 


D28.6 


HI1-674ALD-5 +0.5 LSB Oto 75 D28.6 


HI1-674ASD-2 +1.0 LSB -55 to 125 28 Ld SBDIP 
28 Ld SBDIP 
28 Ld SBDIP 
28 Ld SBDIP 
28 Ld SBDIP 


28 Ld SBDIP 


D28.6 
H11-674ATD-2 +0.5 LSB 
+0.5 LSB 
+1.0 LSB 


+0.5 LSB 


D28.6 


H11-674AUD-2 -55 to 125 D28.6 
HI1-674ASD/883 


HI1-674ATD/883 


D28.6 
D28.6 
D28.6 


-55 to 125 


HI1-674AUD/883 +0.5 LSB -55 to 125 


HI4-674ASE/883 +1.0 LSB 44 Ld CLCC J44.A 


H14-674ATE/883 +0.5 LSB 
+0.5 LSB 
+1.0 LSB 
+0.5 LSB 
+1.0 LSB 
+0.5 LSB 
+0.5 LSB 
+0.5 LSB 
+1.0 LSB 
+0.5 LSB 


+0.5 LSB 


44 Ld CLCC 
44 Ld CLCC 
28 Ld PDIP 
28 Ld PDIP 
28 Ld SBDIP 
28 Ld SBDIP 
28 Ld SBDIP 
28 Ld SBDIP 
44 Ld CLCC 
44 Ld CLCC 
44 Ld CLCC 


J44.A 
HI4-674AUE/883 
HI3-774J-5 


J44.A 
0 to 75 
HI3-774K-5 0 to 75 
0 to 75 
0 to 75 
-55 to 125 


-55 to 125 


E28.6 
HI1-774J-5 D28.6 


HI1-774K-5 D28.6 


HI1-774U-2 D28.6 


HI1-774T/883 D28.6 


HI4-774S/883 -59 to 125 
-55 to 125 


-55 to 125 


J44.A 


HI4-774T/883 J44.A 


HI4-774U/883 J44.A 
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Functional Block Diagram 


BIT OUTPUTS 


MSB LSB 


LOGIC 


Le 
CONTROL THR FFERS AN 4 
Ao ¢ - —_. EE-STATE BUFFERS AND CONTROL 
= 


POWER-UP RESET 


aes ae | 
i 


ANALOG CHIP [ers A 
Vrer IN © 


10K 
VreF OUT © 


Sal Rae & 
ANALOG BIP 20V 10V 
COMMON OFF INPUT INPUT 


NOTE: “Nibble” is a 4-bit digital word. 


> VLoaIC 


DIGITAL 


~ COMMON 


> STS 


> Vcc 


“”) 
oc 
uu 
- 
jem 
> < 
=v 
Oo 
oO 


HI-574A, HI-674A, HI-774 


Absolute Maximum Ratings 
Supply Voltage 


Veo 0 Digital Common «sce cccexvandeewedvns OV to +16.5V 
Vee to Digital Common. . csc sccascscaessaviaes OV to -16.5V 
Viogic to Digital Common... .<.0<svs wees eaweon OV to +7V 


Analog Common to Digital Common+1V 
Control Inputs 


(CE, CS, Ao, 12/8, R/C) to Digital Common .. -0.5V to Viogic +0.5V 
Analog Inputs 

(REFIN, BIPOFF, 10VIN) to Analog Common.......... +16.5V 

ZOVIN to Analog COMMON «.ccccssascanseresua scenes +24V 


REFOUT .... Indefinite Short To Common, Momentary Short To Voc 


Operating Conditions 
Temperature Range 


HI3-574AxN-5, HI1-574AxD-5 .. 0... ee eee 0°C to 75°C 
HI3-674AxN-5, HI11-674AxD-5 .............0006- 0°C to 75°C 
HI3-774xN-5, HI1-774xD-5.. 00.0.0... eee eee ee 0°C to 75°C 
HI1-574AxD-2, HI1-674AxD-2, HI1-774xD-2 ... . -55°C to 125°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) Oya (PCW) 8yc (PCW) 


CLGG POCKGGS vt ccentcadiuwares 65 14 
SOUIP PACKAGE. 6. icccicsavenwess 60 18 
HI3-574AxN-5, HI3-674AxN-5, HI3-774xN-5 65 N/A 
Maximum Junction Temperature 
HI3-574AxN-5, HI3-674AXN-5, HI3-774xN-5............ 150°C 
HI1-574AxD-2, HI1-574AxD-5... 00.0... ce eee eee eee 175°C 
HI1-674AxD-2, HI1-674AxD-5...... 00.00... c ee eee eee 175°C 
Hi1-774xD-2, HI1-774xD-5 20... eee eee 175°C 
Maximum Storage Temperature Range 
HI3-574AxN-5, HI3-674AxN-5, HI3-774xN-5...... -40°C to 85°C 
HI1-574AxD-2, HI1-574AxD-5............000. -65°C to 150°C 
HI1-674AxD-2, HI1-674AxD-5............000. -65°C to 150°C 


HI1-774xD-2, Hl11-774xD-5 20.0... ee eee -65°C to 150°C 


Maximum Lead Temperature (Soldering, 10s) ............ 300°C 
Die Characteristics 
Transistor Count 
MGP4A, ACGPSA os cicvctaxkacs eneeeeseseswdesacna 1117 
Pl © 400 6s bee wk enon ede oe eae bes Ete ook OB HEE x 211F 


DC and Transfer Accuracy Specifications Typical at 25°C with Vcc = +15V or +12V, VLogic = +5V, Veg = -15V or -12V, 
Unless Otherwise Specified 


PARAMETER 
DYNAMIC CHARACTERISTICS 


TEMPERATURE RANGE 
-5 (0°C to 75°C) 


J SUFFIX | K SUFFIX — L SUFFIX 


UNITS 


Resion a 2] e [ # [ = 


Linearity Error 
25°C (Max) 


0°C to 75°C (Max) 


Max Resolution For Which No Missing Codes Is Guaranteed 
25°C HI-574A, HI-674A 


TmIN to Tax HI-574A, HI-674A 


Unipolar Offset (Max) 
Adjustable to Zero 


Bipolar Offset (Max) 
Vin = OV (Adjustable to Zero) 


Full Scale Calibration Error 


25°C (Max), With Fixed 50Q Resistor From REF OUT To REF IN 
(Adjustable to Zero) 


TmIN tO Tax (No Adjustment At 25°C) 
Tain to Tax (With Adjustment To Zero 25°C) 


LSB 


(*eiele! ws | 


LSB 
% of FS 
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DC and Transfer Accuracy Specifications Typical at 25°C with Voc = +15V or +12V, Viogic = +5V, Veg = -15V or -12V, 
Unless Otherwise Specified (Continued) 


TEMPERATURE RANGE 
-5 (0°C to 75°C) 
PARAMETER JSUFFIX | K SUFFIX | L SUFFIX UNITS 
Temperature Coefficients 
Guaranteed Max Change, Tn to Tyax (Using Internal Reference) 
Unipolar Offset HI-574A, HI-674A +2 +1 +1 LSB 


HI-774 + + LSB 


Bipolar Offset HI-574A, HI-674A +2 +1 +1 LSB 


Full Scale Calibration HI-574A, HI-674A +9 +2 LSB 


Power Supply Rejection 


Max Change In Full Scale Calibration 
+13.5V < Voc < +16.5V or +11.4V < Voc < +12.6V 


+4.5V < VLoaic < +5.5V 


-16.5V < Veg <-13.5V or -12.6V < Veg < -11.4V 
ANALOG INPUTS 


Input Ranges 


Bipolar -5 to +5 

-10 to +10 
Unipolar 0 to +10 
0 to +20 


Input Impedance 
10V Span 5K, +25% 
20V Span 10K, +25% 


POWER SUPPLIES 


Operating Voltage Range 
VLOGIC +4.5 to +5.5 

+11.4 to +16.5 

-11.4 to -16.5 


Operating Current 
7 Typ, 15 Max 


11 Typ, 15 Max 
21 Typ, 28 Max 


3 
> 


ILOGIC 
loc +15V Supply 


3 
> 


leg -15V Supply 


Power Dissipation 
+15V, +15V 


+12V, +5V 


515 Typ, 720 Max 
385 Typ 


= 


=| 


Internal Reference Voltage 


Tain to Twax +10.00 +0.05 Max 


Output Current, Available For External Loads (External Load Should 
Not Change During Conversion). 


=| 


a Bl RPh LE 


”) 
co 
Lu 
- 
[ea 
Lu 
> 
= 
O 
O 
OQ 
2 


a 
< 
” 


HI-574A, HI-674A, HI-774 


DC and Transfer Accuracy Specifications Typical at 25°C with Voc = +15V or +12V, Viogic = +5V, Veg = -15V or -12V, 
Unless Otherwise Specified 


PARAMETER 
DYNAMIC CHARACTERISTICS 


TEMPERATURE RANGE 
-2 (-55°C to 125°C) 


UNITS 


Resolution (Max ee ee a 


Linearity Error 
25°C 
-55°C to 125°C (Max) 


Max Resolution For Which No Missing Codes Is Guaranteed 
25°C HI-574A, HI-674A 


Tain to Taax HI-574A, HI-674A 


Unipolar Offset (Max) 


Adjustable to Zero HI-574A, HI-674A 


Bipolar Offset (Max) 
Vin = OV (Adjustable to Zero) 


Full Scale Calibration Error 


25°C (Max), With Fixed 50Q Resistor From REF OUT To REF IN 
(Adjustable To Zero) 


Tin to Tax (No Adjustment At 25°C) 
TIN to Tax (With Adjustment To Zero At 25°C) 


Temperature Coefficients 
Guaranteed Max Change, Tin to Tax (Using Internal Reference) 


Unipolar Offset 
Bipolar Offset 
Full Scale Calibration 


Power Supply Rejection 
Max Change In Full Scale Calibration 


+13.5V < Voc < +16.5V or +11.4V < Voc < +12.6V 

+4.5V < Viogaic < +5.5V 

-16.5V < Veg < -13.5V or -12.6V < Veg < -11.4V 
ANALOG INPUTS 


Input Ranges 
Bipolar 


Unipolar 


+1 +1 +1 LSB 


or 
ine) 
; : 


Lae) 


H- 
” 
w 


ib 


+ 
BS 


” 


LSB 
% of FS 


% of FS 


% of FS 
% of FS 


H+ 
fa 
188) 


+0.275 


H- 
1+ 
_ 


NS 
oh 


ht 


+ "5 


-10 to +10 
0 to +10 
0 to +20 


H- 
H- 
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DC and Transfer Accuracy Specifications Typical at 25°C with Voc = +15V or +12V, Viogic = +5V, Veg = -15V or -12V, 
Unless Otherwise Specified (Continued) 


-2 (-55°C to 125°C) 
EE 
Input Impedance 


20V Span 10K, +25% FQ 


POWER SUPPLIES 


Operating Voltage Range 
VLOGIC +4.5 to +5.5 


+11.4 to +16.5 
-11.4 to -16.5 


Operating Current 


ILoaic 7 Typ, 15 Max 


loc +15V Supply 11 Typ, 15 Max 


leg -15V Supply 21 Typ, 28 Max 


Power Dissipation 


+15V, +15V 515 Typ, 720 Max 


+12V, +5V 385 Typ 


Internal Reference Voltage 


TmIN to Tax +10.00 +0.05 Max 


Output current, available for external loads (External load should not 
change during conversion). 


Digital Specifications Alli Models, Over Full Temperature Range 


Logic Inputs (CE, CS, R/C, Ao, 412/8) 
Logic “1” 


Logic “O” 


Current 
Capacitance 
Logic Outputs (DB11-DBO, STS) 
Logic “O” (Isink - 1.6mA) 
Logic “1” (ISOURCE - 500A) 
Logic “1” (IsoURCE - 10HA) 
Leakage (High-Z State, DB11-DB0 Only) 


Capacitance 


Timing Specifications (HI-574A) 25°C, Note 2, Unless Otherwise Specified 


Tevweoe [__raraweven————SSSC*d CS ws 


CONVERT MODE 


ole ical ee ee ee 
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Timing Specifications (HI-574A) 25°C, Note 2, Unless Otherwise Specified (Continued) 


Teme [____raraweres dT wm wa | us 
a 
a 


Conversion Time 12-Bit Cycle Thin to Tax 


- 


a 
ie) 


Nh 


—_, 
N |] Oo 


n 


8-Bit Cycle Tryin to Trax 


READ MODE 


[is [sts peuyatwronavas—SC*Y CY 


Timing Specifications (HI-674A) 25°C, Note 2, Unless Otherwise Specified 


Teme [| ____raraneren SSS Tm wax ‘| os 
[ose [steoaaronce CdS 
[vec orrisewan SCT | 
OO 


— 


0 


i=) 
om 


5 


io) 


Conversion Time 12-Bit Cycle Tryin to Tax 


2 


8-Bit Cycle Thin to Tax 


Access Time from CE 
Data Valid After CE Low 
Output Float Delay 


- 


READ MODE 


75 


100 
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Timing Specifications (HI-674A) 25°C, Note 2, Unless Otherwise Specified (Continued) 


a A 
a 
a 
a 
0 
So 

[aovaiaaterceion ——SCSCidSCO 


a 
CONVERT MODE 
= [= 
es a 
= [= 
ee 


tHRC R/C Low During CE High 
tsac Ao to CE Setup 
tHAC Ao Valid During CE High 


Conversion Time 12-Bit Cycle Thin to Trax (-5) 


12-Bit Cycle Thin to Trax (-2) 


eo 


” 


—_ 
~ 


= 


8-Bit Cycle Thin to Tax (-2) 


7) ” ” 


4 


READ MODE 


ee 
a 
[sen [AC wor sme 
ven | os varantercEtow 


NOTES: 
1. Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 
2. Time is measured from 50% level of digital transitions. Tested with a 50pF and 3kQ load. 
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Pin Descriptions 


SYMBOL DESCRIPTION 
Logic supply pin (+5V) 


Data Mode Select - Selects between 
12-bit and 8-bit output modes. 


Read/Convert - See Table 1 for 
operation. 

Chip Enable - Chip Enable low disables 
the device. 


[|e [ieaconmen 
to +5V input ranges. 
ae led Be 
to +10V input ranges. 
P| 86 [iercannn 
ee 
ee 
ee 
i 
es 
ee 
Ta [een [omerrese 


STS Status Bit - Status high implies a 
conversion is in progress. 


Definitions of Specifications 
Linearity Error 


Linearity error refers to the deviation of each individual code 
from a line drawn — “zero” through “full scale”. The point 
used as “zero” occurs "fp LSB (1.22mV for 10V span) before 
the first code transition (all “ike to only the LSB “on”). “Full 
scale” is defined as a level 1! /> LSB beyond the last code tran- 
sition (to all ones). The deviation of a code from the true straight 
line is measured from the middle of each particular code. 


The duane and L grades are guaranteed for maximum 
nonlinearity of +! /> LSB. For these grades, this means that an 
analog value which falls exactly in the center of a given code 
width will result in the correct digital output code. Values nearer 
the upper or lower transition of the code width may produce the 
next upper or lower digital output code. The HI-X74(A)J is 
guaranteed to +1 LSB max error. For this grade, an analog 
value which falls within a given code width will result in either 
the correct code for that region or either adjacent one. 


Note that the linearity error is not user-adjustable. 
Differential Linearity Error (No Missing Codes) 


A specification which guarantees no missing codes requires 
that every code combination appear in a monotonic increas- 
ing sequence as the analog input level is increased. Thus 
every code must have a finite width. For the HI-X74(A)K and L 
grades, which guarantee no missing codes to 12-bit resolu- 
tion, all 4096 codes must be present over the entire operating 
temperature ranges. The HI-X74(A)J grade guarantees no 
missing codes to 11-bit resolution over temperature; this 
means that all code combinations of the upper 11 bits must be 
present; in practice very few of the 12-bit codes are missing. 


Unipolar Offset 


The first transition should occur at a level "lo LSB above analog 
common. Unipolar offset is defined as the deviation of the 
actual transition from that point. This offset can be adjusted as 
discussed on the following pages. The unipolar offset tempera- 
ture coefficient specifies the maximum change of the transition 
point over temperature, with or without external adjustment. 


Bipolar Offset 


Similarly, in the bipolar mode, the major carry transition 
(0111 1111 eid to 1000 0000 0000) should occur for an 
analog value fp LSB below analog common. The bipolar 
offset error and temperature coefficient specify the initial 
deviation and maximum change in the error over tempera- 
ture. 


Full Scale Calibration Error 


The last transition (from 1111 1111 1110 to 1111 1111 
1111) should occur for an analog value 1/5 LSB below the 
nominal full scale (9.9963V for 10.000V full scale). The full 
scale calibration error is the deviation of the actual level at 
the last transition from the ideal level. This error, which is 
typically 0.05 to 0.1% of full scale, can be trimmed out as 
shown in Figures 2 and 3. The full scale calibration error 
over temperature is given with and without the initial error 
trimmed out. The temperature coefficients for each grade 
indicate the maximum change in the full scale gain from the 
initial value using the internal 10V reference. 
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Temperature Coefficients 


The temperature coefficients for full-scale calibration, unipo- 
lar offset, and bipolar offset specify the maximum change 
from the initial (25°C) value to the value at Tyin Or Trax: 


Power Supply Rejection 


The standard specifications for the HI-X74A assume use of 
+5.00V and +15.00V or +12.00V supplies. The only effect of 
power supply error on the performance of the device will be 
a small change in the full scale calibration. This will result in 
a linear change in all lower order codes. The specifications 
show the maximum change in calibration from the initial 
value with the supplies at the various limits. 


Code Width 


A fundamental quantity for A/D converter specifications is 
the code width. This is defined as the range of analog input 
values for which a given digital output code will occur. The 
nominal value of a code width is equivalent to 1 least signifi- 
cant bit (LSB) of the full scale range or 2.44mV out of 10V for 
a 12-bit ADC. 


Quantization Uncertainty 


Analog-to-digital converters exhibit an inherent quantization 
uncertainty of +'/5 LSB. This uncertainty is a fundamental 
characteristic of the quantization process and cannot be 
reduced for a converter of given resolution. 


Left-justified Data 


The data format used in the HI-X74(A) is left-justified. This 
means that the data represents the analog input as a frac- 
tion of full-scale, ranging from 0 to ae This implies a 
binary point to the left of the MSB. 


Applying the HI-X74(A) 


For each application of this converter, the ground 
connections, power supply bypassing, analog signal source, 
digital timing and signal routing on the circuit board must be 
optimized to assure maximum performance. These areas 
are reviewed in the following sections, along with basic oper- 
ating modes and calibration requirements. 


Physical Mounting and Layout Considerations 
Layout 


Unwanted, parasitic circuit components, (L, R, and C) can 
make 12-bit accuracy impossible, even with a perfect A/D 
converter. The best policy is to eliminate or minimize these 
parasitics through proper circuit layout, rather than try to 
quantify their effects. 


The recommended construction is a double-sided printed 
circuit board with a ground plane on the component side. 
Other techniques, such as wire-wrapping or point-to-point 
wiring on vector board, will have an unpredictable effect on 
accuracy. 


In general, sensitive analog signals should be routed between 
ground traces and kept well away from digital lines. If analog 
and digital lines must cross, they should do so at right angles. 


Power Supplies 


Supply voltages to the HI-X74(A) (+15V, -15V and +5V) must 
be “quiet” and well regulated. Voltage spikes on these lines can 
affect the converters accuracy, causing several LSBs to flicker 
when a constant input is applied. Digital noise and spikes from 
a switching power supply are especially troublesome. If switch- 
ing supplies must be used, outputs should be carefully filtered 
to assure “quiet” DC voltage at the converter terminals. 


Further, a bypass capacitor pair on each supply voltage 
terminal is necessary to counter the effect of variations in 
supply current. Connect one pair from pin 1 to 15 (VLogic 
supply), one from pin 7 to 9 (Vcc to Analog Common) and 
one from pin 11 to 9 (Veg to Analog Common). For each 
capacitor pair, a 10uF tantalum type in parallel with a 0.1pF 
ceramic type is recommended. 


Ground Connections 


Pins 9 and 15 should be tied together at the package to 
guarantee specified performance for the converter. In 
addition, a wide PC trace should run directly from pin 9 to 
(usually) +15V common, and from pin 15 to (usually) the +5V 
Logic Common. If the converter is located some distance from 
the system’s “single point’ ground, make only these connec- 
tions to pins 9 and 15: Tie them together at the package, and 
back to the system ground with a single path. This path 
should have low resistance. (Code dependent currents flow in 
the Voc, Vee and Viocic terminals, but not through the 
HI-X74(A)’s Analog Common or Digital Common). 


Analog Signal Source 
HI-574A and HI-674A 


The device chosen to drive the HI-X74A analog input will see a 
nominal load of 5kQ (10V range) or 10kQ (20V range). 
However, the other end of these input resistors may change 
+400mV with each bit decision, creating abrupt changes in cur- 
rent at the analog input. Thus, the signal source must maintain 
its output voltage while furnishing these step changes in load 
current, which occur at 1.6us and 950ns intervals for the 
HI-574A and HI-674A, respectively. This requires low output 
impedance and fast settling by the signal source. 


The output impedance of an op amp, for example, has an open 
loop value which, in a closed loop, is divided by the loop gain 
available at a frequency of interest. The amplifier should have 
acceptable loop gain at 600KHz for use with the HI-X74A. To 
check whether the output properties of a signal source are 
suitable, monitor the HI-X74A’s input (pin 13 or 14) with an oscil- 
loscope while a conversion is in progress. Each of the twelve 
disturbances should subside in ips or less for the HI-574A and 
500ns or less for the HI-674A. (The comparator decision is 
made about 1.5ys and 850ns after each code change from the 
SAR for the HI-574A and HI-674A, respectively.) 


If the application calls for a Sample/Hold to precede the 
converter, it should be noted that not all Sample/Holds are 
compatible with the HI-574A in the manner described above. 
These will require an additional wideband buffer amplifier to 
lower their output impedance. A simpler solution is to use the 
Harris HA-5320 Sample/Hold, which was designed for use 
with the HI-574A. 
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HI-774 


The device driving the HI-774 analog input will see a nominal 
load of 5kQ (10V range) or 10kQ (20V range). However, the 
other end of these input resistors may change as much as 
+400mV with each bit decision. These input disturbances 
are caused by the internal DAC changing codes which 
causes a glitch on the summing junction. This creates abrupt 
changes in current at the analog input causing a “kick back” 
glitch from the input. Because the algorithm starts with the 
MSB, the first glitches will be the largest and get smaller as 
the conversion proceeds. These glitches can occur at 350ns 
intervals so an op amp with a low output impedance and fast 
settling is desirable. Ultimately the input must settle to within 
the window of Figure 1 at the bit decision points in order to 
achieve 12-bit accuracy. 


The HI-774 differs from the most high-speed successive 
approximation type ADC’s in that it does not require a high 
performance buffer or sample and hold. With error correction 
the input can settle while the conversion is underway, but 
only during the first 4.8us. The input must be within 10.76% 
of the final value when the MSB decision is made. This 
occurs approximately 650ns after the conversion has been 
initiated. Digital error correction also loosens the bandwidth 
requirements of the buffer or sample and hold. As long as 
the input “kick back” disturbances settle within the window of 
Figure 1 the device will remain accurate. The combined 
effect of settling and the “kick back” disturbances must 
remain in the Figure 1 window. 


If the design is being optimized for speed, the input device 
should have closed loop bandwidth to 3MHz, and a low out- 
put impedance (calculated by dividing the open loop output 
resistance by the open loop gain). If the application requires 
a high speed sample and hold the Harris HA-5330 or 
HA-5320 are recommended. 


In any design the input (pin 13 or 14) should be checked 
during a conversion to make sure that the input stays within 
the correctable window of Figure 1. 


Digital Error Correction 
HI-774 


The HI-774 features the smart successive approximation 
register (SSAR) which includes digital error correction. This 
has the advantage of allowing the initial input to vary within a 
+31 to -32 LSB window about the final value. The input can 
move during the first 4.8ys, after which it must remain stable 
within +"/p LSB. With this feature a conversion can start 
before the input has settled completely; however, it must be 
within the window as described in Figure 1. 


The conversion cycle starts by making the first 8-bit decisions 
very quickly, allowing the internal DAC to settle only to 8-bit 
accuracy. Then the converter goes through two error correc- 
tion cycles. At this point the input must be stable within +"/5 
LSB. These cycles correct the 8-bit word to 12-bit accuracy for 
any errors made (up to +16 or -32 LSBs). This is up one count 
or down two counts at 8-bit resolution. The converter then 
continues to make the 4 LSB decisions, settling out to 12-bit 
accuracy. The last four bits can adjust the code in the positive 


direction by up to 15 LSBs. This results in a total correction 
range of +31 to -32 LSBs. When an 8-bit conversion is per- 
formed, the input must settle to within +"/5 LSB at 8-bit resolu- 
tion (which equals +8 LSBs at 12-bit resolution). 


With the HI-774 a conversion can be initiated before the 
input has completely settled, as long as it meets the con- 
straints of the Figure 1 window. This allows the user to start 
conversion up to 4.8us earlier than with a typical analog to 
digital converter. A typical successive approximation type 
ADC must have a constant input during a conversion 
because once a bit decision is made it is locked in and can- 
not change. 


32 
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{ 4 2 3 4 5 6 7 8 


CONVERSION TIME (1s) 
INITIATED 


FIGURE 1. HI-774 ERROR CORRECTION WINDOW vs TIME 


STS 28 
HIGH BITS 
24-27 
MIDDLE BITS ) 
OFFSET 20-23 
Ri 
100K Low BITS 
-15V ¢ +15V nee =. 
GAIN 
R2 
. 10 RE 
wes [ton | 
8 REF OUT 
1002 
12 BIP OFF +5V 1 
ca OV TO +10V 
ANALOG ° 13 10Vin +15V 7 
oa 14 20Vint -15V 11 
OV TO +20V 
: 9 ANA DIG COM 15 
COM aa 
\/ — 


+ When driving the 20V (pin 14) input, minimize capacitance on pin 13. 
FIGURE 2. UNIPOLAR CONNECTIONS 
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STS 28 


HIGH BITS 
24-27 


2 12/8 


3 CS 


4 Ao MIDDLE BITS 


20-23 


LOW BITS 
16-19 


10 REF IN 


8 REF OUT 


12 BIP OFF +5V 4 


OFFSET 


ANALOG 13 10Vin +#15V 7 


INPUTS 


14 20VinT “15V 11 


9 ANA DIG COM 15 


COM 


+ When driving the 20V (pin 14) input, minimize capacitance on pin 13. 
FIGURE 3. BIPOLAR CONNECTIONS 


Range Connections and Calibration Procedures 


The HI-X74(A) is a “complete” A/D converter, meaning it is 
fully operational with addition of the power supply voltages, a 
Start Convert signal, and a few external components as 
shown in Figure 2 and Figure 3. Nothing more is required for 
most applications. 


Whether controlled by a processor or operating in the stand- 
alone mode, the HI-X74(A) offers four standard input ranges: 
OV to +10V, OV to +20V, +5V and +10V. The maximum errors 
for gain and offset are listed under Specifications. If required, 
however, these errors may be adjusted to zero as explained 
below. Power supply and ground connections have been dis- 
cussed in an earlier section. 


Unipolar Connections and Calibration 


Refer to Figure 2. The resistors shown (see Note) are for 
calibration of offset and gain. If this is not required, replace 
R2 with a 50Q, 1% metal film resistor and remove the net- 
work on pin 12. Connect pin 12 to pin 9. Then, connect the 
analog signal to pin 13 for the OV to 10V range, or to pin 14 
for the OV to 20V range. Inputs to +20V (5V over the power 
supply) are no problem - the converter operates normally. 


Calibration consists of adjusting the converters most 
negative output to its ideal value (offset adjustment), then, 
adjusting the most positive output to its ideal value (gain 
adjustment). To understand the procedure, note that in 
principle, one is setting the output with respect to the mid- 
point of an increment of analog input, as denoted by two 
adjacent code changes. Nominal value of an increment is 
one LSB. However, this approach is impractical because 
nothing “happens” at a midpoint to indicate that an 


adjustment is complete. Therefore, calibration is performed 
in terms of the observable code changes instead of the 
midpoint between code changes. 


For example, midpoint of the first LSB increment should be 
positioned at the origin, with an output code of all 0’s. To do 
this, apply an input of + "5 LSB (+1.22mV for the 10V range; 
+2.44mV for the 20V range). Adjust the Offset potentiometer 
R1 until the first code transition flickers between 
0000 0000 0000 and 0000 0000 0001. 


Next, perform a Gain Adjust at positive full scale. Again, the 
ideal input corresponding to the last code change is applied. 
This is 1"/5 LSBs below the nominal full scale (+9.9963V for 
10V range; +19.9927V for 20V range). Adjust the Gain 
potentiometer R2 for flicker between codes 1111 1111 1110 
and 1111 1111 1111. 


Bipolar Connections and Calibration 


Refer to Figure 3. The gain and offset errors listed under 
Specifications may be adjusted to zero using potentiome- 
ters R1 and R2 (see Note). If this isn’t required, either or 
both pots may be replaced by a 50Q, 1% metal film resistor. 


Connect the Analog signal to pin 13 for a +5V range, or to 
pin 14 for a +10V range. Calibration of offset and gain is sim- 
ilar to that for the unipolar ranges as discussed above. First 
apply a DC input voltage "fo LSB above negative full scale 
(i.e., -4.9988V for the +5V range, or -9.9976V for the +10V 
range). Adjust the offset potentiometer R11 for flicker between 
output codes 0000 0000 0000 and 0000 0000 0001. Next, 
apply a DC input voltage 1"fo LSBs below positive full scale 
(+4.9963V for +5V range; +9.9927V for +10V range). Adjust 
the Gain potentiometer R2 for flicker between codes 1111 
1111 1110 and 1111 1111 1111. 


NOTE: The 1002 potentiometer R2 provides Gain Adjust for the 10V 
and 20V ranges. In some applications, a full scale of 10.24V (LSB 
equals 2.5mV) or 20.48V (LSB equals 5.0mV) is more convenient. 
For these, replace R2 by a 50Q, 1% metal film resistor. Then, to pro- 
vide Gain Adjust for the 10.24V range, add a 200Q potentiometer in 
series with pin 13. For the 20.48V range, add a 5002 potentiometer 
in series with pin 14. 


Controlling the HI-X74(A) 


The HI-X74(A) includes logic for direct interface to most 
microprocessor systems. The processor may take full con- 
trol of each conversion, or the converter may operate in the 
“stand-alone” mode, controlled only by the R/C input. Full 
control consists of selecting an 8-bit or 12-bit conversion 
cycle, initiating the conversion, and reading the output data 
when ready-choosing either 12 bits at once or 8 followed by 
4, in a left-justified format. The five control inputs are all 
TTL/CMOS-compatible: (12/8, CS, Ag, R/C and CE). Table 
1 illustrates the use of these inputs in controlling the 
converter’s operations. Also, a simplified schematic of the 
internal control logic is shown in Figure 7. 
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“Stand-Alone Operation” 


The simplest control interface calls for a singe control line 
connected to R/C. Also, CE and 12/8 are wired high, CS and 
Ao are wired low, and the output data appears in words of 
12 bits each. 


The R/C signal may have any duty cycle within (and 
including) the extremes shown in Figures 8 and 9. In gen- 
eral, data may be read when R/C is high unless STS is also 
high, indicating a conversion is in progress. Timing parame- 
ters particular to this mode of operation are listed below 
under “Stand-Alone Mode Timing’. 


HI-574A STAND-ALONE MODE TIMING 


moc [ _panaweren [wn [1 [wax [une 
em lowneraewan [so] || w_ 
Tes _fsrstumyvenne | — [ao] re 
Pinon [owwcarnGiw [af | — | 
ne _|steoeratrowe ail 300 | — [eo] re 
Pi [oon rasewan [eo] | — | 
[con [ows ascot | | po] re 


Time is measured from 50% level of digital transitions. Tested with a 
50pF and 3kQ load. 


HI-674A STAND-ALONE MODE TIMING 


[Smeoc] —_panaweren [wn [ve [wax [ons 
Cac flowntrusewen [so] | = 
[os _[eteoeurnonne | — | — ao 
ion _fomavacatrniow [=| — | — [me 
ng _[etstaorawromvaal a | [oo [ 
Sr Ce) 
[oon fou scccstine | - | — [| ve 


Time is measured from 50% level of digital transitions. Tested with a 
50pF and 3kQ load. 


HI-774 STAND-ALONE MODE TIMING 


for panaweren [wn [ve [wax ons 
vm fiowntrasewan foo | | — | re 
Tos _fstsouarrenn® | — | [ao] re 
ion [osevasatrntuw [=| — | — | re 
he [etsbaeramromavaal | [oo 
i [oon Passa [so] — | — | re 
[con [ose ncstne | eof 


Conversion Length 


A Convert Start transition (see Table 1) latches the state of 
Ao, which determines whether the conversion continues for 
12 bits (Ag low) or stops with 8 bits (Ao high). If all 12 bits are 
read following an 8-bit conversion, the last three LSBs will 
read ZERO and DB3 will read ONE. Ao is latched because it 
is also involved in enabling the output buffers (see “Reading 
the Output Data”). No other control inputs are latched. 


TABLE 1. TRUTH TABLE FOR HI-X74(A) CONTROL INPUTS 


Tee [es [re [ae] xo] oPenarion 


MM EE ae 
od ee 
Ede eee 
eS eee 
BBB onl 
RR Eee 
is eee 
EET AS ESS |Enable8MSBsOnly 8 MSBs Only 


Enable 4 LSBs Plus 4 Trailing 
Zeroes 


Conversion Start 


A conversion may be initiated as shown in Table 1 by a logic 
transition on any of three inputs: CE, CS or R/C. The last of 
the three to reach the correct state starts the conversion, so 
one, two or all three may be dynamically controlled. The 
nominal delay from each is the same, and if necessary, all 
three may change state simultaneously. However, to ensure 
that a particular input controls the start of conversion, the 
other two should be set up at least 50ns earlier. See the 
HI-774 Timing Specifications, Convert Mode. 


This variety of HI-X74(A) control modes allows a simple 
interface in most system applications. The Convert Start 
timing relationships are illustrated in Figure 4. 


The output signal STS indicates status of the converter by 
going high only while a conversion is in progress. While STS 
is high, the output buffers remain in a high impedance state 
and data cannot be read. Also, an additional Start Convert 
will not reset the converter or reinitiate a conversion while 
STS is high. 


Reading the Output Data 


The output data buffers remain in a high impedance state 
until four conditions are met: R/C high, STS low, CE high and 
CS low. At that time, data lines become active according to 
the state of inputs 12/8 and Ao. Timing constraints are 
illustrated in Figure 5. 


6-20 


HI-574A, HI-674A, HI-774 


The 12/8 input will be tied high or low in most applications, 
though it is fully TTL/CMOS-compatible. With 12/8 high, all 
12 output lines become activé simultaneously, for interface to 


a 12-bit or 16-bit data bus. The Ao input is ignored. CE 
With 12/8 low, the output is organized in two 8-bit bytes, tS —>| |«— tssr tHSR <_— 
selected one at a time by Ao. This allows an 8-bit data bus 
to be connected as shown in Figure 6. Ao is usually tied to 
the least significant bit of the address bus, for storing the RIG HR — 
HI-X74(A) output in two consecutive memory locations. 
(With Ao low, the 8 MSBs only are enabled. With Ao high, 4 —>| |<—tsrr 
MSBs are disabled, bits 4 through 7 are forced low, and the 4 Ao 
LSBs are enabled). This two byte format is considered “left Ft 
justified data,” for which a decimal (or binary!) point is eel <— tsar tHAR — 
assumed to the left of byte 1: STS 
BYTE 1 BYTE 2 tis —> re 
XTXTXTXPXTXEXT XT xX; x | xy Xx DATA 

(RBBB RSME me 

MSB LSB top |__tHt_, 


Further, Ag may be toggled at any time without damage to 


. . See HI-774 Timing Specifications for more information. 
the converter. Break-before-make action is guaranteed did 


between the two data bytes, which assures that the outputs FIGURE 5. READ CYCLE TIMING 
strapped together in Figure 6 will never be enabled at the 
same time. 


A read operation usually begins after the conversion is 
complete and STS is low. For earliest access to the data, 
however, the read should begin no later than (tpp + tHs) 
before STS goes low. See Figure 5. 


* rT 
tsac —s| |< 
tHac —> <— 


STS tc 
TDSC [ett | ct te 


a 


CE tHEC 

eg tssc — Rn I~ 
Cm ” 
i —=— tusc 25) 7 
cy oa DATA a 
ln! BUS Ww 
HRC i —- z 
O 
O 


3) TT 


ae 


HIGH IMPEDANCE 
DB11-DB0 


See HI-774 Timing Specifications for more information. 


FIGURE 4. CONVERT START TIMING FIGURE 6. INTERFACE TO AN 8-BIT DATA BUS 
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Ty NIBBLE B ZERO 
of OVERRIDE 
* ad . NIBBLE A, B 
INPUT BUFFERS rll 
, al - “ fs NIBBLE C 


os > : a = READ CONTROL 


STATUS 


CURRENT STROBE 
CONTROLLED 
OSCILLATOR CLOCK 


POWER UP 
RESET =a : RESET 


FIGURE 7. HI-774 CONTROL LOGIC 


tHRL 
R/C 
tps 
STS 
4 tHporR 
DB11-DB0 DATA DATA 
VALID VALID 


FIGURE 8. LOW PULSE FOR R/C - OUTPUTS ENABLED AFTER CONVERSION 


tHRH tos 
een ool 


topr | 
DB11-DB0 HIGH-Z DATA HIGH-Z 
VALID 


FIGURE 9. HIGH PULSE FOR R/C - OUTPUTS ENABLED WHILE R/C HIGH, OTHERWISE HIGH-Z 


STS 


tHDR 
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Die Characteristics 


PASSIVATION: 


DIE DIMENSIONS: 
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METALLIZATION: 


WORST CASE CURRENT DENSITY: 
1.3 x 10° A/cm? 


Nitrox 
kA +2kA 


Digital Type: 
Thickness: 10 


Metal 1: AlSiCu 


Thickness: 8kA +1kA 


Metal 2: AlSiCu 
Thickness: 16kA 


+2kA 


+2kA 
Metallization Mask Layout 
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HI3810 


CMOS 10 Microsecond, 12-Bit, Sampling 
A/D Converter with Internal Track and Hold 


Features Description 
* CONVEPSION TING t.ccccacu tree cersscsaveace es 10us The HI5810 is a fast, low power, 12-bit, successive- 
approximation, analog-to-digital converter. It can operate from 
e Throughput Rate ee ee ee ee 100 KSPS a single 3V to 6V supply and typically draws just 1.9mA when 
st operating at 5V. The HI5810 features a built-in track and hold. 
* Bulltsn Track and Hole The conversion time is as low as 10s with a 5V supply. 
* Single Supply Voltage ...........-.eeeeeeeeeee +5V The twelve data outputs feature full high speed CMOS three- 
« Mavinum Powar Consumption 40mW state bus driver capability, and are latched and held through a 
iiiisiaaldelaiictidi lati full conversion cycle. The output is user selectable: |[i.e., 
e Internal or External Clock 12-bit, 8-bit (MSBs), and/or 4-bit (LSBs)]. A data ready flag, 
and conversion-start input complete the digital interface. 
TRE IAPUE SRM sensannesernann evade “ace An internal clock is provided and is available as an output. 
The clock may also be over-driven by an external source. 
Applications Ordering Information 
¢ Remote Low Power Data Acquisition Systems INL (LSB) 
¢ Digital Audio pesias 
Pinout 
HI5810 


(PDIP, CERDIP, SOIC) 
TOP VIEW 


DRDY 24] Vop 
(LSB) Do [2] OEL 
pi [3 CLK 
D2 | 4| START 
D3 [5 120} VrReF- 
D4 [6 | 19] VReF+ 
D5 18} Vin 
D6 Vaat 
D7 16] Vaa- 
D8 OEM 
D9 14] D11 (MSB) 
Vss 13} D10 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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Functional Block Diagram 
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Absolute Maximum Ratings 


Supply Voltage 
Vo Vise. 02 wines eves decanter ds (Vss -0.5V) < Vpp < +6.5V 
What 16 VA SF ic oven ees sven eps eu (Vsg -0.5V) to (Vss +6.5V) 
VARS VA cnc cct obs beeen eee ebe nied i anaewe ts +0.3V 
Analog and Reference Inputs 
Vin, Vaert, VREF---- +--+. (Vsg -0.3V) < Vina < (Vpp +0.3V) 
Digital VO PING 2c .2ce sess wes (Vsg -0.3V) < VI/O < (Vpp +0.3V) 


Operating Conditions 


Temperature Range 
PDIP, SOIC, and CERDIP Packages ........... -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) Oya (°C/W) 8yc (CCW) 


CEAUIP PORMIGS 3.0icctusivannen 60 12 

PDIP Package..........0..e eee ee 80 N/A 

SOIC Package................... 75 N/A 
Maximum Junction Temperature 

Platte Patkanee c.ocaccccuvagesabeaesas seamemn xa ss 150°C 

MBNOHC PACKAIE 6 nsaccvwosdwaeeeeavere saveesen on 175°C 
Maximum Storage Temperature Range .......... -65°C to 150°C 
Maximum Lead Temperature (Soldering, 10s) ............ 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. @ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vpp = Vaa+ = 5V, Vrert = +4.608V, Vss = Vaa- = Vrer- = GND, CLK = External 1.5MHz, 


Unless Otherwise Specified 


PARAMETER 


ACCURACY 


Resolution 


: 
snl 
ine) 


Integral Linearity Error, INL 
(End Point) 


A[ Cc 


Differential Linearity Error, DNL 


Gain Error, FSE 
(Adjustable to Zero) 


Xi Cc 


Offset Error, Vos 
(Adjustable to Zero) 


A] Cc 


DYNAMIC CHARACTERISTICS 


Signal to Noise Ratio, SINAD 
RMS Signal 


RMS Noise + Distortion K 


Signal to Noise Ratio, SNR 
RMS Signal 


RMS Noise K 


Total Harmonic Distortion, THD 


Spurious Free Dynamic Range, SFDR 


ANALOG INPUT 


Input Current, Dynamic 


TEST CONDITIONS 


fs = Internal Clock, fijyy = 1kHz 
fs = 1.5MHZ, fin = 1kHz 


fs = Internal Clock, fjpxy = 1kHz 
fs = 1.5MHZ, fin = 1kHz 


fs = Internal Clock, fix = 1kHz 
fs = 1.5MHZz, fix = 1KHz 


fs = Internal Clock, fix = 1kHz 
fs = 1.5MHz, fix = 1KHz 


fs = Internal Clock, fjpyy = 1kHz 
fs = 1.5MHzZ, fin = 1kHz 


fs = Internal Clock, fijxy = 1kHz 
fs = 1.5MHZ, fix = 1kHz 


fg = Internal Clock, fijy = 1kKHz 
fs = 1.5MHZ, fin = 1kHz 


fg = Internal Clock, fjpxy = 1kHz 
fs = 1.5MHzZ, fin = 1kKHz 


At Vin = Vrert, OV 


-40°C TO 85°C 


TY 


EJ 


UNITS 


Bits 
S 


= 
ie) 


- 
18) 


L 
LSB 
SB 
SB 
S 
S 
S) 


” 
ise] 


lels|s|s} | |e 
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ioe) 


- 
ies) 
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MONI RANI AD 
Solo | hoa 
malo of] = a 


a. Q aafjaasiaasfaa 
wo _ DOIDODIoO|oOD 


-73.9 dBc 
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-80.3 dBc 
69.7 dBc 
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Electrical Specifications = Vpp = Vaat+ = 5V, Vagrt = +4.608V, Vgs = Vaa- = Vaer- = GND, CLK = External 1.5MHz, 


Unless Otherwise Specified (Continued) 


PARAMETER 


Input Current, Static 


Input Bandwidth -3dB 


| 
~< 
me] 


+ 
al 
oO 


TEST CONDITIONS UNITS 


I+ 
ad 
o>) 
> 


Conversion Stopped 


In Series with Input CsaypLe 
During Sample State 


DIGITAL INPUTS OEL, OEM, STRT 


Low-Level Input Voltage, Vj, 
DIGITAL OUTPUTS 


Three-State Leakage, loz Except DRDY, Vout = OV, 5V 


Output Capacitance, Coyt Except DRDY 


= 


mw} elal= 
Nialmlo] = 
oe oe mo) 


re I+ 
—_ —_ 
oO (2) 


nl 


ie) 
- 


oO 
j=) 
> 


oO 


» 
rep) 
H+ 
ak 
io) 


BA 
oO 


[FighLovelOutpetVotage. Von [ 'sounce= tomato) | *] - [| 4 | - |v _ 
[Tow-tevelOuputvorage, Vou | fsnwx= T0Ona(Notea) | | | 1 
Pinpaturent «dL KOnmovisy (| (dd 
(Includes Acquisition Time) 
Internal Clock, (CLK = Open) 
External CLK (Note 2) “fe poe fe 
TaperureDoay.ioaPR «dt Ne) SCE Cds | | | |r 
[cick Bata Ready Delay. torDROY | Wotea) Sd +d; (tos | too] (| 180 |e 
[cock to Data Ready Delay ioaDROY | (oie sd + 00 | too] | 108 | ne 
[siatRenovaitine,wsTAT «foto SCE | | | | | 
[sianSeuptine.teuStaT i Woea) SSS | wo | too | | 
[sianPusowanwSTAT «stow CP | A | | | OL 
[siarto Data Ready Delay. tos PROY | Woea dT (| os | tos | (| reo |e | 
[cox delayromsian ipsTaT pmo SSC «dT | dT dT Od 
(ete) ee 
Output Disabled Delay, tpis (Note 2) | - [| 80 | 95 J - | 120 | ns | 


POWER SUPPLY CHARACTERISTICS 


NOTE: 
2. Parameter guaranteed by design or characterization, not production tested. 
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Timing Diagrams 


\ 1 1 2 | 3 1 4 5-14 ' 15 , 1 ' 2 ' 3 4 

CLK : ‘ y é : ' , 1 ' ' ’ ' 
(EXTERNAL 
OR INTERNAL) ' | 
, 1 1 1 1 
—s! ~———_|— tp, DRDY tlow ——>| ae 
Ue | i} I I t 
i ie m— ‘HIGH 


' =! ue—— tp2DRDY 


DRDY \ / \ 


DO - D11 X DATA N - 1 x DATA N 


HOLD N 
ViN TRACK N i TRACK N +1 


OEL = OEM = Vss 
FIGURE 1. CONTINUOUS CONVERSION MODE 
i] 15 t 1 8 2 t 2 ‘ 2 ‘ 3 1 4 ‘ 5 ‘ 
CLK : I ; 
} 
ing le— tpSTRT ie scans tsySTRT 


—e! i— tpsDRDY 


rs a. Ve 


HOLD HOLD 
TRACK 


FIGURE 2. SINGLE SHOT MODE EXTERNAL CLOCK 
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Timing Diagrams (Continued) 


CLK 
(INTERNAL) 


2 
—e |=— tpSTRT 


i<—— twSTRT 


) 


— tp3DRDY 


TRACK HOLD 


FIGURE 3. SINGLE SHOT MODE INTERNAL CLOCK 


—n_ten <— 


Do . Ds oR , 90% 
HIGH 50% 
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TO HIGH 


HIGH 
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TO LOW 


FIGURE 4. OUTPUT ENABLE/DISABLE TIMING DIAGRAM 


Typical Performance Curves 


1.0 
-50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 
TEMPERATURE (°C) 


FIGURE 6. NL vs TEMPERATURE! 


FIGURE 5. TIMING LOAD CIRCUIT 
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FIGURE 7. OFFSET ERROR vs TEMPERATURE 
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Typical Performance Curves (continued) 


DNL ERROR (LSBs) 


SUPPLY CURRENT (mA) 


eaee 4.1 


Vop = Vaat = 5V, Vrert = 4.608V, CLK = 1.5MHz gues 


FSE (LSBs) 
=e ee 
= 
| 


-2.4 


.00 -2.5 
-50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 -50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 


TEMPERATURE (°C) TEMPERATURE (°C) 


FIGURE 8. DNL vs TEMPERATURE FIGURE 9. FULL SCALE ERROR vs TEMPERATURE 


6.5 
6.0 INPUT FREQUENCY = 1kHz 1 
55 SAMPLING RATE = 100kHz 
eee SNR = 64.92dB 
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TABLE 1. PIN DESCRIPTIONS 


DRDY | Output flag signifying new data is available. 
Goes high at end of clock period 15. Goes low 
when new conversion is started. 


me ES Bit-0 (Least Significant Bit, LSB). 


Digital Ground, (OV). 

Bit 10. 

Bit 11 (Most Significant Bit, MSB) 

Three- State Enable for D4-D11. Active low 


Analog Ground, (OV). 


Analog Positive Supply. (+5V) (See text.) 


Vrert | Reference Voltage Positive Input, sets 4095 
code end of input range. 
Vrer- | Reference Voltage Negative Input, sets 0 
code end of input range. 
Start Conversion Input active low, recognized 
after end of clock period 15. 
CLK Input or Output. Conversion functions are 
synchronized to positive going edge (see text). 
| 23 | OEL | Three-State Enable for DO D3. Active low input Three-State Enable for DO D3. Active low | Three-State Enable for DO D3, Active low input, 
| 24 | Vpn | Digital Positive Supply (+5V). 


Theory of Operation 


The HI5810 is a CMOS 12-bit, Analog-to-Digital Converter 
that uses capacitor charge balancing to successively 
approximate the analog input. A binarily weighted capacitor 
network forms the A/D heart of the device. See the block 
diagram for the HI5810. 


> wD} @ DW), WO); Oo] OB] @ 
oO = = —* —s — —s — 
> § joe] N on aad ow hm — 


The capacitor network has a common node which is 
connected to a comparator. The second terminal of each 
capacitor is individually switchable to the input, Vagert+ or 


VREF™- 


During the first three clock periods of a conversion cycle, the 
switchable end of every capacitor is connected to the input 
and the comparator is being auto balanced at the capacitor 
common node. 


During the fourth period, all capacitors are disconnected 
from the input; the one representing the MSB (D11) is 
connected to the Vrer+ terminal; and the remaining 
capacitors to Vaer-. The capacitor common node, after the 
changes balance out, will indicate whether the input was 
above "fp of (VReF+ - VrRer-). At the end of the fourth 
period, the comparator output is stored and the MSB 
capacitor is either left connected to Varr+ (if the comparator 
was high) or returned to VREF* This allows the next 
comparison to be at either 3/4 or /4 Of (VReF+ - VReF-). 


At the end of periods 5 through 14, capacitors representing 
D10 through D1 are tested, the result stored, and each 
capacitor either left at Vaert+ or at Vaer-. 


At the end of the 15th period, when the LSB (DO) capacitor is 
tested, (DO) and all the previous results are shifted to the 
output registers and drivers. The capacitors are reconnected 
to the input, the comparator returns to the balance state, and 
the data ready output goes active. The conversion cycle is 
now complete. 


Analog Input 


The analog input pin is a predominately capacitive load that 
changes between the track and hold periods of the 
conversion cycle. During hold, clock period 4 through 15, the 
input loading is leakage and stray capacitance, typically less 
than 5uA and 20pF. 


At the start of input tracking, clock period 1, some charge is 
dumped back to the input pin. The input source must have low 
enough impedance to dissipate the current spike by the end of 
the tracking period as shown in Figure 13. The amount of 
charge is dependent on supply and input voltages. The 
average current is also proportional to clock frequency. 


20mA 
IN 10mA 


OmA 


5V 
CLK 


OV 


5V 
DRDY 
OV 


200ns/DIV. 


CONDITIONS: Vpp = Vaat = 5.0V, Vrert = 4.608V, 
Vin = 4.608V, CLK = 750kHz, Ta = 25°C 


FIGURE 13. TYPICAL ANALOG INPUT CURRENT 
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As long as these current spikes settle completely by end of 
the signal acquisition period, converter accuracy will be 
preserved. The analog input is tracked for 3 clock cycles. 
With an external clock of 1.5MHz the track period is 2us. 


A simplified analog input model is presented in Figure 14. 
During tracking, the A/D input (Vij) typically appears as a 
380pF capacitor being charged through a 420Q internal 
switch resistance. The time constant is 160ns. To charge 
this capacitor from an external “zero 9” source to 0.5 LSB 
(1/8192), the charging time must be at least 9 time 
constants or 1.4us. The maximum source impedance 
(Rsource Max) for a 2us acquisition time settling to within 
0.5 LSB is 164Q. 


If the clock frequency was slower, or the converter was not 
restarted immediately (causing a longer sample time), a 
higher source impedance could be tolerated. 


VIN Rew ~ 4200 


CsamPLe ~ 380pF 
RSOURCE qT 


-tacaq 


RSOURCE (MAX) Coampie in 2 t Rsw 


FIGURE 14. ANALOG INPUT MODEL IN TRACK MODE 
Reference Input 


The reference input Vagre+ should be driven from a low 
impedance source and be well decoupled. 


As shown in Figure 15, current spikes are generated on the 
reference pin during each bit test of the successive approxi- 
mation part of the conversion cycle as the charge balancing 
Capacitors are switched between Vper- and Vrger+ (clock 
periods 5 - 14). These current spikes must settle completely 
during each bit test of the conversion to not degrade the 
accuracy of the converter. Therefore Vagr+ and Vr_er- 
should be well bypassed. Reference input Vr_er- is normally 
connected directly to the analog ground plane. If Vrer- is 
biased for nulling the converters offset it must be stable 
during the conversion cycle. 


20mA 
IREF+ 10mA 


OmA 


cLk >V 
ov 
5V 

DRDY 
ov 


: - 2us/DIV. | 
CONDITIONS: Vpp = Vaat = 5.0V, Vrer+ = 4.608V, 
Vin = 2.3V, CLK = 750kHz, Ta = 25°C 


FIGURE 15. TYPICAL REFERENCE INPUT CURRENT 


The HI5810 is specified with a 4.608V reference, however, it 
will operate with a reference down to 3V having a slight 
degradation in performance. 


Full Scale and Offset Adjustment 


In many applications the accuracy of the HI5810 would be 
sufficient without any adjustments. In applications where 
accuracy is of utmost importance full scale and offset errors 
may be adjusted to zero. 


The Vrer+ and Vr_er- pins reference the two ends of the 
analog input range and may be used for offset and full scale 
adjustments. In a typical system the Vrer- might be returned 
to a clean ground, and the offset adjustment done on an input 
amplifier. Vaerf+ would then be adjusted to null out the full 
scale error. When this is not possible, the Varr- input can be 
adjusted to null the offset error, however, Vpaer- must be well 
decoupled. 


Full scale and offset error can also be adjusted to zero in the 
signal conditioning amplifier driving the analog input (Vij). 


Control Signal 


The HI5810 may be synchronized from an external source 
by using the STRT (Start Conversion) input to initiate conver- 
sion, or if STRT is tied low, may be allowed to free run. Each 
conversion cycle takes 15 clock periods. 


The input is tracked from clock period 1 through period 3, 
then disconnected as the successive approximation takes 
place. After the start of the next period 1 (specified by tp 
data), the output is updated. 


The DRDY (Data Ready) status output goes high (specified 
by tp;DRDY) after the start of clock period 1, and returns 
low (specified by tpgDRDY) after the start of clock period 2. 


The 12 data bits are available in parallel on three-state bus 
driver outputs. When low, the OEM input enables the most 
significant byte (D4 through D11) while the OEL input 
enables the four least significant bits (DO - D3). tex and tpjs 
specify the output enable and disable times. 


If the output data is to be latched externally, either the trailing 
edge of data ready or the next falling edge of the clock after 
data ready goes high can be used. 


When STRT input is used to initiate conversions, operation is 
slightly different depending on whether an internal or 
external clock is used. 


Figure 3 illustrates operation with an internal clock. If the 
STRT signal is removed (at least taSTRT) before clock 
period 1, and is not reapplied during that period, the clock 
will shut off after entering period 2. The input will continue to 
track and the DRDY output will remain high during this time. 


A low signal applied to STRT (at least twSTRT wide) can 
now initiate a new conversion. The STRT signal (after a 
delay of (tpSTRT)) causes the clock to restart. 


Depending on how long the clock was shut off, the low 
portion of clock period 2 may be longer than during the 
remaining cycles. 
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The input will continue to track until the end of period 3, the 
same as when free running. 


Figure 2 illustrates the same operation as above but with an 
external clock. If STRT is removed (at least taSTRT) before 
clock period 2, a low signal applied to STRT will drop the 
DRDY flag as before, and with the first positive going clock 
edge that meets the (tsySTRT) setup time, the converter will 
continue with clock period 3. 


Clock 


The HI5810 can operate either from its internal clock or from 
one externally supplied. The CLK pin functions either as the 
clock output or input. All converter functions are synchro- 
nized with the rising edge of the clock signal. 


Figure 16 shows the configuration of the internal clock. The 
clock output drive is low power: if used as an output, it 
should not have more than 1 CMOS gate load applied, and 
stray wiring capacitance should be kept to a minimum. 


The internal clock will shut down if the A/D is not restarted 
after a conversion. The clock could also be shut down with 
an open collector driver applied to the CLK pin. This should 
only be done during the sample portion (the first three clock 
periods) of a conversion cycle, and might be useful for using 
the device as a digital sample and hold. 


lf an external clock is supplied to the CLK pin, it must have 
sufficient drive to overcome the internal clock source. The 
external clock can be shut off, but again, only during the 
sample portion of a conversion cycle. At other times, it must 
be above the minium frequency shown in the specifications. 
In the above two cases, a further restriction applies in that 
the clock should not be shut off during the third sample 
period for more than 1ms. This might cause an internal 
charge pump voltage to decay. 


If the internal or external clock was shut off during the 
conversion time (clock cycles 4 through 15) of the A/D, the 
output might be invalid due to balancing capacitor droop. 


An external clock must also meet the minimum tLow and 
tHiGH times shown in the specifications. A violation may 
cause an internal miscount and invalidate the results. 


> CLK | | 


OPTIONAL 
EXTERNAL 
CLOCK 


INTERNAL 
ENABLE 


CLOCK 


FIGURE 16. INTERNAL CLOCK CIRCUITRY 
Power Supplies and Grounding 


Vpp and Vss are the digital supply pins: they power all 
internal logic and the output drivers. Because the output 
drivers can cause fast current spikes in the Vpp and Vss 
lines, Vgg should have a low impedance path to digital 
ground and Vpp should be well bypassed. 


Except for Vaa+, which is a substrate connection to Vpp, all 
pins have protection diodes connected to Vpp and Vss. 
Input transients above Vpp or below Vgg will get steered to 
the digital supplies. 


The Vaat+ and Vaa- terminals supply the charge balancing 
comparator only. Because the comparator is autobalanced 
between conversions, it has good low frequency supply 
rejection. It does not reject well at high frequencies however; 
Vaa- Should be returned to a clean analog ground and Vaat+ 
should be RC decoupled from the digital supply as shown in 
Figure 17. 


There is approximately 50Q of substrate impedance 
between Vpp and Vaa+. This can be used, for example, as 
part of a low pass RC filter to attenuate switching supply 
noise. A 10uF capacitor from Vaa+ to ground would 
attenuate 30kHz noise by approximately 40dB. Note that 
back-to-back diodes should be placed from Vpp to Vaa+t to 
handle supply to capacitor turn-on or turn-off current spikes. 


Dynamic Performance 


Fast Fourier Transform (FFT) techniques are used to evalu- 
ate the dynamic performance of the A/D. A low distortion 
sine wave is applied to the input of the A/D converter. The 
input is sampled by the A/D and its output stored in RAM. 
The data is than transformed into the frequency domain with 
a 4096 point FFT and analyzed to evaluate the converters 
dynamic performance such as SNR and THD. See Typical 
Performance Characteristics. 


Signal-To-Noise Ratio 


The signal to noise ratio (SNR) is the measured RMS signal to 
RMS sum of noise at a specified input and sampling frequency. 
The noise is the RMS sum of all except the fundamental and 
the first five harmonic signals. The SNR is dependent on the 
number of quantization levels used in the converter. The theo- 
retical SNR for an N-bit converter with no differential or integral 
linearity error is: SNR = (6.02N + 1.76)dB. For an ideal 12-bit 
converter the SNR is 74dB. Differential and integral linearity 
errors will degrade SNR. 


Sinewave Signal Power 
SNR = 10 Log —————_ 
Total Noise Power 


Signal-To-Noise + Distortion Ratio 


SINAD is the measured RMS signal to RMS sum of noise 
plus harmonic power and is expressed by the following. 


Sinewave Signal Power 
SINAD = 10 Log ————————————_ 
Noise + Harmonic Power (2nd - 6th) 


Effective Number of Bits 


The effective number of bits (ENOB) is derived from the 
SINAD data; 


SINAD - 1.76 
6.02 


ENOB = 
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Total Harmonic Distortion Spurious-Free Dynamic Range 


The total harmonic distortion (THD) is the ratio of the RMS ‘The spurious-free dynamic range (SFDR) is the ratio of the 
sum of the second through sixth harmonic components to fundamental RMS amplitude to the RMS amplitude of the 
the fundamental RMS signal for a specified input and next largest spur or spectral component. If the harmonics 


sampling frequency. are buried in the noise floor it is the largest peak. 
Total Harmonic Power (2nd - 6th Harmonic) Sinewave Signal Power 
THD = 10Log-———————_—_—————————_—————___——_—_—— SEES VOLOG. seen reenter ae 
Sinewave Signal Power Highest Spurious Signal Power 


TABLE 2. CODE TABLE 


INPUT BINARY OUTPUT CODE 
VOLTAGE} 
Vrert = 4.608V MSB LSB 
CODE Vrer- = OV DECIMAL 
eso cour [on [up [o [opm [= [om] efor] 


ST 
SC 


2.3040 2048 =< 
an ce Ee CLEs 
ee ee EE EEE CEE Es Es 


+The voltages listed above represent the ideal lower transition of each output code shown as a function of the reference voltage. 


+5V 


VREF ¢ 


4.7 uF 0.1,F 0.001 ,F 


vv Yv 


ANALOG ,. 
INPUT 


9 1.5MHz CLOCK 


FIGURE 17. GROUND AND SUPPLY DECOUPLING 


6-34 


HI5810 


Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 
3200um x 3940um Type: PSG 
Thickness: 13kA +2.5kA 
METALLIZATION: 
Type: AIS WORST CASE CURRENT DENSITY: 
Thickness: 11kA +1kA 1.84 x 10° A/om2 


Metallization Mask Layout 


HI5810 
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CMOS 20 Microsecond, 12-Bit, Sampling A/D 


August 1997 Converter with Internal Track and Hold 
Features Description 
S CONVEMION TING cccacccanncdncdexewenemacae 20us The HIi5812 is a fast, low power, 12-bit, successive 


. approximation analog-to-digital converter. It can operate from 

MQUGMPUV RBG oviversest eines rs neveees iii a single 3V to 6V supply and typically draws just 1.9mA when 
e Built-In Track and Hold operating at 5V. The HI5812 features a built-in track and hold. 
The conversion time is as low as 15us with a 5V supply. 


Guaranteed No Missing Codes Over Temperature 
The twelve data outputs feature full high speed CMOS three- 


* Single Supply Voltage ..........-.eeeeeeeeeees +5V state bus driver capability, and are latched and held through a 

e Maximum Power Consumption..............+ 25mwW - full conversion cycle. The output is user selectable: (i.e.) 12- 
bit, 8-bit (MSBs), and/or 4-bit (LSBs). A data ready flag, and 

¢ Internal or External Clock conversion-start inputs complete the digital interface. 

A pplications An internal clock is provided and is available as an output. 


e Remote Low Power Data Acquisition Systems 
¢ Digital Audio 
e DSP Modems 


Ordering Information 


The clock may also be over-driven by an external source. 
INL (LSB) 
(MAX OVER | RANGE 


PART 
NUMBER TEMP.) 


e General Purpose DSP Front End 
e uP Controlled Measurement System 


¢ Professional Audio Positioner/Fader 


Pinout 


HI5812 
(PDIP, CERDIP, SOIC) 
TOP VIEW 


DRDY 
(LSB) DO 
D1 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 6-36 
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Functional Block Diagram 
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Absolute Maximum Ratings 


Supply Voltage 
VoD IO VSO scicexiacsesusneensy (Vss -0.5V) < Vpp < +6.5V 
VAAt tO VAAr. cee ee eee (Vssg -0.5V) to (Vss +6.5V) 
VAAS TO VO « ecko caer euncseweonesreer ean nwane es +0.3V 
Analog and Reference Inputs 
Vins Vaeet, VRE ee ee (Vsg -0.3V) < Vina < (Vpp +0.3V) 
Digital WO PINS . 2.266 ssunsaes (Vsg -0.3V) < VI/O < (Vpp +0.3V) 


Operating Conditions 


Temperature Range 
PDIP, SOIC, and CERDIP Packages ............. -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) Oya (CCIW) 8yc (PCCW) 
60 


GERDIP PACKBOG 24655260 smee been 12 

POIP PAGMAQG «ioc csaeotanerawaes 80 N/A 

SOIC Package... .....cceserccees 75 N/A 
Maximum Junction Temperature 

Pine te PaRO0S a occ es citacecsnnesrs earenerens 150°C 

Ceramic Package ..........0ccccccceseeeeereeeees 175°C 
Maximum Storage Temperature Range .......... -65°C to 150°C 
Maximum Lead Temperature (Soldering, 10s) ............ 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. @ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications = Vpp = Vaa+ = 5V, Vrert = +4.608V, Vgs = Vaa- = Vrer- = GND, CLK = External 750kHz, 


Unless Otherwise Specified 


PARAMETER 
ACCURACY 


Resolution 


. 


Integral Linearity Error, INL 
(End Point) 


AIC 


Differential Linearity Error, DNL 


Gain Error, FSE 
(Adjustable to Zero) 


A] Cc 


Offset Error, Vos 
(Adjustable to Zero) 


A/c 


Power Supply Rejection, PSRR 
Offset Error PSRR 
Gain Error PSRR 


DYNAMIC CHARACTERISTICS 


Signal to Noise Ratio, SINAD 
RMS Signal 


VREF = 4V 


RMS Noise + Distortion 


Signal to Noise Ratio, SNR 
RMS Signal 


RMS Noise 


Total Harmonic Distortion, THD 


Spurious Free Dynamic Range, 
SFDR 


TEST CONDITIONS 


Vpop = Vaat = 5V +5% 
Vpop = Vaat = SV +5% 


fs = Internal Clock, fjpyy = 1kKHz 
fs = 750kHz, fix = 1kHz 


fs = Internal Clock, fjyy = 1kHz 
fs = 750kHZ, fix = 1kHz 
fs = Internal Clock, fix = 1kHz 
fs = 750kHz, fix = 1kHz 


fs = Internal Clock, fijy = 1kHz 
fs = 750kHz, fin = 1kHz 
fs = Internal Clock, fjpyy = 1kHz 
fs = 750KHZ, fin = 1KHz 
fs = Internal Clock, fjpxy = 1kKHz 
fs = 750kHZ, fipy = 1KHz 


fs =Internal Clock, fjxy = 1kKHz 
fg = 750kHZ, fix = 1kKHz 


fs = Internal Clock, fipyy = 1kHz 
fs = 750kHZz, fin = 1kKHz 


| LSB 
| LSB 
+0.5 LSB 
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Electrical Specifications = Vpp = Vaa+ = 5V, Vrert = +4.608V, Vgs = Vaan- = Vaer- = GND, CLK = External 750kHz, 
Unless Otherwise Specified (Continued) 


-40°C TO 85°C 


3a 
< 
Uv 


PARAMETER 
ANALOG INPUT 


Input Current, Dynamic 


TEST CONDITIONS UNITS 


At Vin = Vrert, OV 


Conversion Stopped 


f=) 


+5 +100 


+10 


pA 
pA 
MHz 


Input Current, Static 
Input Bandwidth -3dB 


Reference Input Current 


H 
a|o 
ff O 


Input Series Resistance, Rg In Series with Input CsampLe 


w 
jee) 
oO 


Input Capacitance, CsampLe During Sample State 


Input Capacitance, CHo_p During Hold State 
DIGITAL INPUTS OEL, OEM, STRT 


High-Level Input Voltage, Viy 


al 


= 
(©?) 
oO 


Low-Level Input Voltage, Vj. 


zp 
Nh 
Oo 
I+ 
eae ee 
a no) 
“Tl 


Input Leakage Current, |), Except CLK, Vin = OV, 5V +10 


Input Capacitance, Ciy 
DIGITAL OUTPUTS 
High-Level Output Voltage, Voy 


> 
o 


ISOURCE = -400HA 
ISINK = 1.6mA 


Except DRDY, Vout = OV, 5V 
Except DRDY 


Low-Level Output Voltage, Vo. 
Three-State Leakage, loz 


Ho H 
o}] > (= 
+- 
— 
oO 


Output Capacitance, Coyt 
CLOCK 
High-Level Output Voltage, Voy 


ISOURCE = -100pA (Note 2) 
ISINK = 100pA (Note 2) 
CLK Only, Vin = OV, 5V 


Low-Level Output Voltage, VoL 


+ 
oa 


Input Current 
TIMING 


Conversion Time (tconv + taca) 
(Includes Acquisition Time) 


on 
3 


ie 
” 


300 


BS 


<i = 
on 
(=) on 


Clock Frequency 00 150 500 kHz 


MHz 


Clock Pulse Width, tlow, tHiGH 100 
Aperture Delay, tpAPR 

Clock to Data Ready Delay, tp; DRDY 
Clock to Data Ready Delay, tpoDRDY 
Start Removal Time, taSTRT 

Start Setup Time, tsySTRT (Note 2) 
Start Pulse Width, twSTRT 
Start to Data Ready Delay, tp3 DRDY 
Clock Delay from Start, tpSTRT 
Output Enable Delay, ten 


Output Disabled Delay, tps (Note 2) 


POWER SUPPLY CHARACTERISTICS 


NOTE: 
2. Parameter guaranteed by design or characterization, not production tested. 
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Timing Diagrams 


. 4 2 3 ‘+, ey © 1 4 204 3 

CLK : ‘ . , ' ' . ! ’ ' ' ' 
(EXTERNAL 
OR INTERNAL) -_ 
; 
—el ———I— ip DRDY tow ——et et 
i] 
I 


i] 
| 
— J te HIGH 
STRT i za i i 
1 


ee tp2DRDY 


I 
‘ i 
DRDY | \ 
i] 
DO - D11 DATA N - 1 x DATA N 


HOLD N 
VIN TRACK N TRACK N +1 


EL = OEM=Vss 


FIGURE 1. CONTINUOUS CONVERSION MODE 


' 15 : 1 : 2 : 2 : 2 : 3 ' 4 ' 5 : 
CLK I I ) ; 
(EXTERNAL) f 
I 
—-! be— tpSTRT te w— tsySTRT 
3 


—wn! “«— tp3DRDY 
oe | 


HOLD HOLD 
Vin TRACK 


FIGURE 2. SINGLE SHOT MODE EXTERNAL CLOCK 
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Timing Diagrams (Continued) 


| @ * 4: 2 ; = y * | F GY 
— 1 , i " t i 1 
hi \_/ \_/ \_/ 
! i 
tt be taSTRT mt ——— tpSTAT 


— tySTAT 


IRE 


wl one tp3DRDY 


HOLD HOLD 
Vin TRACK 


FIGURE 3. SINGLE SHOT MODE INTERNAL CLOCK 
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FIGURE 5. GENERAL TIMING LOAD CIRCUIT 
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Typical Performance Curves 
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FIGURE 10. FULL SCALE ERROR vs TEMPERATURE 
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FIGURE 7. OFFSET VOLTAGE vs TEMPERATURE 
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FIGURE 9. ACCURACY vs REFERENCE VOLTAGE 
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FIGURE 11. POWER SUPPLY REJECTION vs TEMPERATURE 
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Typical Performance Curves (Continued) 
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FIGURE 12. SUPPLY CURRENT vs TEMPERATURE 
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100 120 140 


SNRs 
\ _ | 


ENOB (BITS) 


100 120 140 


FIGURE 14. INTERNAL CLOCK FREQUENCY vs TEMPERATURE 
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FIGURE 16. TOTAL HARMONIC DISTORTION vs INPUT 
FREQUENCY 
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FIGURE 15. EFFECTIVE BITS vs INPUT FREQUENCY 
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FIGURE 17. SIGNAL NOISE RATIO vs INPUT FREQUENCY 


A/D CONVERTERS 
SAR 


HI5812 


TABLE 1. PIN DESCRIPTIONS 


PIN NO.| NAME DESCRIPTION 


DRDY | Output flag signifying new data is available. 


Goes high at end of clock period 15. Goes low 
3 D1 Bit 1. 


when new conversion is started. 


D2 
D3 
D4 
D5 


D7 


— | — 
— | ©O 


Vss__ | Digital Ground (OV). 


D10 


_ 
ie) 


Bit 10. 


—_ 
B= 


D11 | Bit 11 (Most Significant Bit, MSB). 


— 
on 


Three-State Enable for D4-D11. Active low input. 


16 Vaa- | Analog Ground, (OV). 


AA+ | Analog Positive Supply. (+5V) (See text.) 


VIN 


saat 
0O 


Analog Input. 


— 


a 


= 


9 Reference Voltage Positive Input, sets 4095 


code end of input range. 


20 Vrer- | Reference Voltage Negative Input, sets 0 code 
end of input range. 
21 STRT | Start Conversion Input Active Low, recognized 
after end of clock period 15. 
CLK | CLK Input or Output. Conversion functions are 


synchronized to positive going edge. (See 
text.) 
| 23 | CEL | OEL | Three-State Enable for DO D3. Active Low Input. 
Digital Positive Supply (+5V). 


Theory of Operation 


HI5812 is a CMOS 12-Bit Analog-to-Digital Converter that 
uses Capacitor-charge balancing to successively approximate 
the analog input. A binarily weighted capacitor network forms 
the A/D heart of the device. See the block diagram for the 
HI5812. 


VREF+ 


O|] @ OD] O| |] @ 
ao} ~ a} alo] 


The capacitor network has a common node which is 
connected to a comparator. The second terminal of each 
capacitor is individually switchable to the input, Vager+ or 


VREF-- 


During the first three clock periods of a conversion cycle, the 
switchable end of every capacitor is connected to the input 
and the comparator is being auto-balanced at the capacitor 
common node. 


During the fourth period, all capacitors are disconnected 
from the input; the one representing the MSB (D11) is 
connected to the Vprer+ terminal; and the remaining 
capacitors to Vager-. The capacitor-common node, after the 
charges balance out, will indicate whether the input was 
above '/> of (Vper+ - VReF-). At the end of the fourth 
period, the comparator output is stored and the MSB 
capacitor is either left connected to Vpagr+ (if the comparator 
was high) or returned to Vper-. This allows the next 
comparison to be at either 9/, or '/4 of (VRert - VReF-). 


At the end of periods 5 through 14, capacitors representing 
D10 through D1 are tested, the result stored, and each 
capacitor either left at Vaer+ or at Vrer-. 


At the end of the 15th period, when the LSB (DO) capacitor is 
tested, (DO) and all the previous results are shifted to the 
output registers and drivers. The capacitors are reconnected 
to the input, the comparator returns to the balance state, and 
the data-ready output goes active. The conversion cycle is 
now complete. 


Analog Input 


The analog input pin is a predominately capacitive load that 
changes between the track and hold periods of the 
conversion cycle. During hold, clock period 4 through 15, the 
input loading is leakage and stray capacitance, typically less 
than 5yA and 20pF. 


At the start of input tracking, clock period 1, some charge is 
dumped back to the input pin. The input source must have 
low enough impedance to dissipate the current spike by the 
end of the tracking period as shown in Figure 18. The 
amount of charge is dependent on supply and _ input 
voltages. The average current is also proportional to clock 
frequency. 


20mA 


IN 40mA 


OmA 


CLK 5V 


OV 


5V 
DRDY 


OV 


200ns/DIV. 
CONDITIONS: Vpp = Vaat = 5.0V, Vrert = 4.608V, 
Vin = 4.608V, CLK = 750kHz, Ta = 25°C 


FIGURE 18. TYPICAL ANALOG INPUT CURRENT 
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As long as these current spikes settle completely by end of 
the signal acquisition period, converter accuracy will be 
preserved. The analog input is tracked for 3 clock cycles. 
With an external clock of 750kHz the track period is 4us. 


A simplified analog input model is presented in Figure 19. 
During tracking, the A/D input (Vij) typically appears as a 
380pF capacitor being charged through a 420Q internal 
switch resistance. The time constant is 160ns. To charge this 
capacitor from an external “zero 2” source to 0.5 LSB 
(1/8192), the charging time must be at least 9 time constants 
or 1.44.s. The maximum source impedance (RsourRce Max) 
for a 4us acquisition time settling to within 0.5LSB is 750Q 


If the clock frequency was slower, or the converter was not 
restarted immediately (causing a longer sample time), a 
higher source impedance could be tolerated. 


VIN Rew = 4202 
CsamPLe ~ 380pF 
RSOURCE 
. 7 taca _R 
SOURCE(MAX) ~ —_ -(N+1),.. SW 
Csampce!nl2 J 


FIGURE 19. ANALOG INPUT MODEL IN TRACK MODE 


Reference Input 


The reference input Varre+ should be driven from a low 
impedance source and be well decoupled. 


As shown in Figure 20, current spikes are generated on the 
reference pin during each bit test of the successive approxi- 
mation part of the conversion cycle as the charge-balancing 
capacitors are switched between Vref- and Vrer+ (clock 
periods 5 - 14). These current spikes must settle completely 
during each bit test of the conversion to not degrade the 
accuracy of the converter. Therefore Vagr+ and Vre_er- 
should be well bypassed. Reference input Vrer- is normally 
connected directly to the analog ground plane. If Vrer- is 
biased for nulling the converters offset it must be stable 
during the conversion cycle. 


20mA 
IREF+ 10mA 


OmA 


CLK 


DRDY 


LEE ELL OEE AE 


2us/DIV. 
CONDITIONS: Vpp = Vaat = 5.0V, Vaert+ = 4.608V, 
Vin = 2.3V, CLK = 750kHz, Ta = 25°C 


FIGURE 20. TYPICAL REFERENCE INPUT CURRENT 


The HI5812 is specified with a 4.608V reference, however, it 
will operate with a reference down to 3V having a slight 
degradation in performance. A typical graph of accuracy vs 
reference voltage is presented. 


Full Scale and Offset Adjustment 


In many applications the accuracy of the HI5812 would be 
sufficient without any adjustments. In applications where 
accuracy is of utmost importance full scale and offset errors 
may be adjusted to zero. 


The Vrert+ and Vp_er- pins reference the two ends of the 
analog input range and may be used for offset and full scale 
adjustments. In a typical system the Vper- might be 
returned to a clean ground, and the offset adjustment done 
on an input amplifier. Vaef+ would then be adjusted to null 
out the full scale error. When this is not possible, the Varer- 
input can be adjusted to null the offset error, however, Vraer- 
must be well decoupled. 


Full scale and offset error can also be adjusted to zero in the 
signal conditioning amplifier driving the analog input (Vij). 
Control Signal 

The HI5812 may be synchronized from an external source 
by using the STRT (Start Conversion) input to initiate conver- 


sion, or if STRT is tied low, may be allowed to free run. Each 
conversion cycle takes 15 clock periods. 


The input is tracked from clock period 1 through period 3, 
then disconnected as the successive approximation takes 
place. After the start of the next period 1 (specified by tp 
data), the output is updated. 


The DRDY (Data Ready) status output goes high (specified 
by tp;DRDY) after the start of clock period 1, and returns 
low (specified by tpgDRDY) after the start of clock period 2. 


The 12 data bits are available in parallel on three-state bus 
driver outputs. When low, the OEM input enables the most 
significant byte (D4 through D11) while the OEL input 
enables the four least significant bits (DO - D3). tex, and tpis 
specify the output enable and disable times. 


If the output data is to be latched externally, either the trailing 
edge of data ready or the next falling edge of the clock after 
data ready goes high can be used. 


When STRT input is used to initiate conversions, operation is 
slightly different depending on whether an internal or 
external clock is used. 


Figure 3 illustrates operation with an internal clock. If the 
STRT signal is removed (at least taSTRT) before clock 
period 1, and is not reapplied during that period, the clock 
will shut off after entering period 2. The input will continue to 
track and the DRDY output will remain high during this time. 


A low signal applied to STRT (at least twSTRT wide) can 
now initiate a new conversion. The STRT signal (after a 
delay of (tpSTRT)) causes the clock to restart. 


Depending on how long the clock was shut off, the low 
portion of clock period 2 may be longer than during the 
remaining cycles. 
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The input will continue to track until the end of period 3, the 
same as when free running. 


Figure 2 illustrates the same operation as above but with an 
external clock. If STRT is removed (at least taSTRT) before 
clock period 2, a low signal applied to STRT will drop the 
DRDY flag as before, and with the first positive-going clock 
edge that meets the (tsySTRT) setup time, the converter will 
continue with clock period 3. 


Clock 


The HI5812 can operate either from its internal clock or from 
one externally supplied. The CLK pin functions either as the 
clock output or input. All converter functions are synchro- 
nized with the rising edge of the clock signal. 


Figure 21 shows the configuration of the internal clock. The 
clock output drive is low power: if used as an output, it 
should not have more than 1 CMOS gate load applied, and 
stray wiring capacitance should be kept to a minimum. 


The internal clock will shut down if the A/D is not restarted 
after a conversion. The clock could also be shut down with 
an open collector driver applied to the CLK pin. This should 
only be done during the sample portion (the first three clock 
periods) of a conversion cycle, and might be useful for using 
the device as a digital sample and hold. 


If an external clock is supplied to the CLK pin, it must have 
sufficient drive to overcome the internal clock source. The 
external clock can be shut off, but again, only during the 
sample portion of a conversion cycle. At other times, it must 
be above the minium frequency shown in the specifications. 
In the above two cases, a further restriction applies in that 
the clock should not be shut off during the third sample 
period for more than 1ms. This might cause an internal 
charge-pump voltage to decay. 


lf the internal or external clock was shut off during the 
conversion time (clock cycles 4 through 15) of the A/D, the 
output might be invalid due to balancing capacitor droop. 


An external clock must also meet the minimum t_ow and 
tHiGH times shown in the specifications. A violation may 
cause an internal miscount and invalidate the results. 


> CLK | 


I 

OPTIONAL I 
EXTERNAL ! 
i 

I 

‘ 


INTERNAL 
ENABLE 


CLOCK 


CLOCK 


FIGURE 21. INTERNAL CLOCK CIRCUITRY 


Power Supplies and Grounding 


Vpp and Vsg are the digital supply pins: they power all 
internal logic and the output drivers. Because the output 
drivers can cause fast current spikes in the Vpp and Vss 
lines, Vgg should have a low impedance path to digital 
ground and Vpp should be well bypassed. 


Except for Vaa+, which is a substrate connection to Vpp, all 
pins have protection diodes connected to Vpp and Vss. 
Input transients above Vpp or below Vsg will get steered to 
the digital supplies. 


The Vaa+ and Vaa- terminals supply the charge-balancing 
comparator only. Because the comparator is autobalanced 
between conversions, it has good low-frequency supply 
rejection. It does not reject well at high frequencies however; 
Vaa- Should be returned to a clean analog ground and Vaa+ 
should be RC decoupled from the digital supply as shown in 
Figure 22. 


There is approximately 500 of substrate impedance 
between Vpp and Vaa+. This can be used, for example, as 
part of a low-pass RC filter to attenuate switching supply 
noise. A 10uF capacitor from Vaa+ to ground would 
attenuate 30kHz noise by approximately 40dB. Note that 
back-to-back diodes should be placed from Vpp to Vaa+ to 
handle supply to capacitor turn-on or turn-off current spikes. 


Dynamic Performance 


Fast Fourier Transform (FFT) techniques are used to 
evaluate the dynamic performance of the A/D. A low distor- 
tion sine wave is applied to the input of the A/D converter. 
The input is sampled by the A/D and its output stored in 
RAM. The data is than transformed into the frequency 
domain with a 4096 point FFT and analyzed to evaluate the 
converters dynamic performance such as SNR and THD. 
See typical performance characteristics. 


Signal-To-Noise Ratio 


The signal to noise ratio (SNR) is the measured RMS signal 
to RMS sum of noise at a specified input and sampling 
frequency. The noise is the RMS sum of all except the 
fundamental and the first five harmonic signals. The SNR is 
dependent on the number of quantization levels used in the 
converter. The theoretical SNR for an N-bit converter with no 
differential or integral linearity error is: SNR = (6.02N + 1.76) 
dB. For an ideal 12-bit converter the SNR is 74dB. 
Differential and integral linearity errors will degrade SNR. 


Sinewave Signal Power 
SNR = 10 Log ——__—_- 
Total Noise Power 


Signal-To-Noise + Distortion Ratio 


SINAD is the measured RMS signal to RMS sum of noise 
plus harmonic power and is expressed by the following: 


Sinewave Signal Power 
SINAD = 10 Log ————— A -_—_——_—_—_ 
Noise + Harmonic Power (2nd - 6th) 


Effective Number of Bits 


The effective number of bits (ENOB) is derived from the 
SINAD data; 


SINAD - 1.76 
6.02 


ENOB = 
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Total Harmonic Distortion 


The total harmonic distortion (THD) is the ratio of the RMS 
sum of the second through sixth harmonic components to 
the fundamental RMS signal for a specified input and 
sampling frequency. 


Total Harmonic Power (2nd - 6th Harmonic) 
THD = 10 Le 
Sinewave Signal Power 


Spurious-Free Dynamic Range 


The spurious-free dynamic range (SFDR) is the ratio of the 
fundamental RMS amplitude to the RMS amplitude of the 
next largest spur or spectral component. If the harmonics 
are buried in the noise floor it is the largest peak. 


Sinewave Signal Power 
SFDR = 10 Log ————— ————_——_— 
Highest Spurious Signal Power 


TABLE 2. CODE TABLE 


INPUT VOLTAGE* 
VREF+ = 4.608V 
Vrer- = 0.0V 
(V) 


CODE 
DESCRIPTION 


DECIMAL 
COUNT 


4.6069 


VREF ¢ 


4.7F 0.4pF = 0.001pF 


vevieyv 


ANALOG , 
INPUT 


BINARY OUTPUT CODE 


MSB LSB 
Lee fe Pe ee ee ee ee ee 
iw Be ee 
ES Re Ee Ee REESE EE 
ce Ee Ee Es 0 Es Re 


D 750kHz CLOCK 


FIGURE 22. GROUND AND SUPPLY DECOUPLING 
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Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 
3200um x 3940u.m Type: PSG A A 
METALLIZATION: Thickness: 13kA +2.5 
; WORST CASE CURRENT DENSITY: 
Type: AlSi 
Thickness: 11kA +1kA 1.84 x 10° Alem? 


Metallization Mask Layout 


HI5812 


CLK 
D2 
Ss STRT 
D3 st 
ot VREF™ 
a4 
D4 ire 
da. 
gat 
44 : 
ay 
; 
D5 Ay 
a4 
Ay 
aq 5 
io 
D6 44 Vrert+ 
a4 
S| 
ry 
5, 
a 
Aq 
Ay 
D7 a 
Aq 
Ay 
jai 
wie VIN 
a4 
D8 af 
ia" Vaat 
VAA- 
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wD HARRIS HI5813 


CMOS 3.3V, 25 Microsecond, 12-Bit, Sampling 


August 1997 A/D Converter with Internal Track and Hold 
Features Description 
* CONVErSiON TIMG is cccscctrsrvinvcsscecssacs 25us The HI5813 is a 3.3V, very low power, 12-bit, successive 


approximation analog-to-digital converter. It can operate 


* Throughput Rate ...:.ccissecesancsceenes 40 KSPS from a single 3V to 6V supply and typically draws a maxi- 

e Built-In Track and Hold mum of 1.0mA (at 25°C) when operating at 3.3V. The 
. HI5813 features a built-in track and hold. The conversion 

¢ Single Supply Voltage..............eceenes +3.3V time is as low as 25ys with a 3.3V supply. 

¢ Maximum Power Consumption at 25°C........ 3.3mW 


The twelve data outputs feature full high speed CMOS three- 

es state bus driver capability, and are latched and held through 

Applications a full conversion cycle. The output is user selectable: (i.e.) 

ania 12-bit , 8-bit (MSBs), and/or 4-bit (LSBs). A data ready flag 
risiiGte LOW Power Dats Acquisition syStents and conversion start input complete the digital interface. 

¢ Battery Operated Systems 

e Pen Based PC Handheld Scanners 


e DSP Modems 


Ordering Information 


NUMBER 


General Purpose DSP Front End 


uP Controlled Measurement Systems 
PCMCIA Type II Compliant 
e¢ PC Based Industrial Controls/DAQ Systems 


Pinout 


HI5813 (PDIP, CERDIP, SOIC) 
TOP VIEW 


SAR 


DRDY 
(LSB) DO 
D1 

D2 

D3 

D4 

D5 

D6 

D7 

D8 

D9 


Vss 


A/D CONVERTERS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 363 4.1 
Copyright © Harris Corporation 1997 6-49 
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Functional Block Diagram 


—s rss TO INTERNAL LOGIC 
Vss @ A 


Vin @ 
VREF* @ 
50Q I 
SUBSTRATE i 
Vaat c - 
Vaa- © i 
SUCCESSIVE i 12-BIT EDGE 
TRIGGERED 
APPROXIMATION Pe tepnicoe 
REGISTER D” LATCHED 
VREF- 
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STRT 


CLK 
DRDY 


OEM | 


D11 (MSB) 


D10 


D9 


D8 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO (LSB) 


OEL 


HI5813 


Absolute Maximum Ratings 


Supply Voltage 
VOD VES ssh sveeas veceredeuen (Vss -0.5V) < Vpp < +6.5V 
ee eee (Vsg -0.5V) to (Vgsg +6.5V) 
VA At 10 VG sw ciccesc cers eeseeteeesesnsa v eee een +0.3V 
Analog and Reference Inputs 
Vins Vacet, VRB RR 6 is een (Vsg -0.3V) < Vina < (Vpp +0.3V) 
Digital VO PINS <..65 cece eee (Vsg -0.3V) < VI/O < (Vpp +0.3V) 


Operating Conditions 


Temperature Range 
PDIP, SOIC, and CERDIP Packages ........... -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) Oya (CC/W) 8jc (PCC/W) 


PDIP PAGS ..6 ous scene dee needs 80 N/A 

BONG PACWRUGs coos ncaddasecnawes 75 N/A 

GEADIP PECKAQS 256 iccecccn veces 60 12 
Maximum Junction Temperature 

PDIP and SOIC PackageS..............00cceeeeeees 150°C 

CERDIP Package .......cceccvencesuncuvecwaveses 175°C 
Maximum Storage Temperature Range .......... -65°C to 150°C 
Maximum Lead Temperature (Soldering, 10s) ............ 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications = Vpp = Vaa+ = Vrert = 3.3V, Vss = Van- = VRer- = GND, CLK = 600kHz (J suffix), 
CLK = 500kHz (K suffix), Unless Otherwise Specified 


PARAMETER 


Pawn [ave [wax [wn [wax | uns 

ACCURACY 
fResoimen TCC‘ TT CYC 
(End Point) 

es es 

cf eo [eo ise 
(Adjustable to Zero) 

[ee eo is 
(Adjustable to Zero) 

cD es Ts 
DYNAMIC CHARACTERISTICS 


Signal to Noise Ratio, SINAD 
RMS Signal 


RMS Noise + Distortion 


Signal to Noise Ratio, SNR 
RMS Signal 


RMS Noise 


ANALOG INPUT 


Input Current, Dynamic At Vin = Vrert, OV 


Input Current, Static 


TEST CONDITIONS 


fg = 600kHZ, fipyy = 1KHz 
fs = 500kHZ, fix = 1kHz 


fs = 600kHZ, fipyy = 1KHz 
fs = 500kHZ, fipxy = 1KHz 


Total Harmonic Distortion, THD J | fg = 750kHZ, fix = 1KHz 
K | fs = 750kHZ, fix = 1kHz 
Spurious Free Dynamic Range, J | fg = 600kHZ, fix = 1kHz 
SFDR 
K | fg = 500kHZ, fix = 1kHz 


Conversion Stopped 


-40°C TO 85°C 


B 


i] 5 
=|3/318 = 
ie) fos) pp on 
Qa. 
oO 


+50 | +100 +100 


+10 +10 


py ble 
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Electrical Specifications = Vpp = Vaa+ = Vrert = 3.3V, Vss = Van- = Vaer- = GND, CLK = 600kHz (J suffix), 
CLK = 500kHz (K suffix), Unless Otherwise Specified (Continued) 


PARAMETER 


Input Bandwidth -3dB 
Reference Input Current 


Input Series Resistance, Rs In Series with Input 
CSAMPLE 


Input Capacitance, CsaupLe During Sample State 
Input Capacitance, CHo_p During Hold State 


DIGITAL INPUTS OEL, OEM, STRT 


Low-Level Input Voltage, Vj, 
DIGITAL OUTPUTS 


Three-State Leakage, |oz Except DRDY, Voyt = OV, 
3.3V 


Except DRDY 


TEST CONDITIONS UNITS 


c= 
ks 
N 


Tw 


= os | 
oO io) Uv 


ane 
oO 
4 
=i 
oO 
ed 
BS 
# 
— 
oO 
CTwitE 


+10 


O 
Cc 
—- 
Bo) 
S 
QO 
sy) 
ao) 
» 
3, 
nal 
iy 
S 
(2) 
- 
1?) 
O 
Cc 
sj 
H- 
— 
oO 
nd 
> 


Conversion Time (tconv + taca) 
(Includes Acquisition Time) 


= 
” 


Clock Frequency (Note 2) 


Clock Pulse Width, tlow, tHiGH (Note 2) 
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Aperture Delay, tpAPR (Note 2) 


Clock to Data Ready Delay, tp; DRDY (Note 2) 


Clock to Data Ready Delay, tpoDRDY (Note 2) 


—_ 
=] ie) 


Start Removal Time, taSTRT (Note 2) 


L- | = | 


180 
Start Pulse Width, tySTRT | 48 | poe 
Start to Data Ready Delay, tp3 DRDY 110 | 130 a 
Output Disabled Delay, tpis | 95 | 110 L | 130 


POWER SUPPLY CHARACTERISTICS 


wo 
B 
> 


Supply Current, Ipp + laa 


Pe EA 
NOTE: 


2. Parameter guaranteed by design or characterization, not production tested. 
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Timing Diagrams 
— a + | 4 | 5-14 - a 1 | 2 | . 4 
' ' ‘ ’ ' : i ' 1’ i ' 
| \ I | I 
—e| <1 tp,DRDY tlow ——> hapnl 


DO - D11 DATA N - 1 x DATA N 


HOLD N 


OEL = OEM = Vss 


FIGURE 1. CONTINUOUS CONVERSION MODE 
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FIGURE 2. SINGLE SHOT MODE 
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Timing Diagrams (Continued) 


| 
I y 1 
'N—~s — —>|_——_—s = ‘os 
my 90% 


50% 
DO - D3 OR D4- D11 
HIGH IMPEDANCE ! 


i 
TO 
TO HIGH OUTPUT 
upeoatist ee ae PIN 
50% 
TO LOW 10% 
I \ 
: i 
FIGURE 3A. FIGURE 3B. 


FIGURE 3. OUTPUT ENABLE/DISABLE TIMING DIAGRAM 


INPUT FREQUENCY = 1kHz 
SAMPLING RATE = 33kHz 
SNR = 65.55dB 


o SINAD = 64.18dB 
ws EFFECTIVE BITS = 10.37 
Q THD = -70.02dBc 
S PEAK NOISE = -70.9dB 
$ SFDR = 71.1dB 
< 
ie a Ai la ML Uhl | 
rend warkalcvekbb cs 1 ' het TAS A 1d te a nani WL 
FREQUENCY 
FIGURE 4. GENERAL TIMING LOAD CIRCUIT FIGURE 5. FFT SPECTRUM 
Typical Performance Curves 
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3.60 Vop = Vaat = Vrert = 3.3 SECC 3.60 DD = YAA*t = YREF* = v- SSS0000000008 
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280 |e ——— 280 Litt ttt rrr tri ryt ctk = 600kHz TTT TI 
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ZCI TTT TTT TTT TT TT ETT TT 
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oo CLLLLEPI Tr rr rrr rr rrr ee A Oe 
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TEMPERATURE (°C) TEMPERATURE (°C) 
FIGURE 6. INL vs TEMPERATURE FIGURE 7. DNL vs TEMPERATURE 
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Typical Performance Curves 


TT 
CLK = 600kHz 
fevneinlal 


1.20 


Vpp = Vaat = Vrert = 3.3V 


1.10 


Vos ERROR (LSBs) 


Le 
CLK = 500kH 
PEELE k= 800882 
EReeeeeee == 


0.50 
-50 -40 -30 -20-10 0 10 20 30 40 50 60 70 80 90 
TEMPERATURE (°C) 


FIGURE 8. OFFSET ERROR vs TEMPERATURE 


SUPPLY CURRENT, Ipp (mA) 
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FIGURE 10. SUPPLY CURRENT vs TEMPERATURE 


FSE (LSBs) 


1.00 
-50 -40 -30 -20-10 0 10 20 30 40 50 60 70 80 90 
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FIGURE 9. FULL SCALE ERROR vs TEMPERATURE 


Vpp = Vaat = VREFt+ 


ef 
IN | | fp 


INNA 
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~~ 
a 


DNL ERROR (LSBs) 


[i 
3.0 3.1 3.2 3.3 3.4 3.5 3.6 


SUPPLY VOLTAGE (V) 
FIGURE 11. DNL vs SUPPLY VOLTAGE 


Pin Descriptions 


Tene [ NAME DESCRIPTION 


DRDY | Output flag signifying new data is available. Goes 
high at end of clock period 15. Goes low when new 


conversion is started. 


2 |b [ao east Sencar SB) 


| PIN # | NAME | DESCRIPTION 

Bit 11 (Most significant bit, MSB) 

| 15 | OEM | Three-State enable for D4-D11. Active Low Input. 
Analog Ground, (OV). 

Vaat | Analog Positive Supply. (+3.3V) (See text.) 


Vrert | Reference Voltage Positive Input, sets 4095 
code end of input range. 
Vrer- | Reference Voltage Negative Input, sets 0 code 
end of input range. 
21 TRT | Start Conversion Input active low, recognized af- 
ter end of clock period 15. 
22 CLK | CLK Input. Conversion functions are synchronized 
to positive going edge. (See text) 
| 23 | OEL OEL | Three-State Enable for DO - D3. Active low input. 
| 24 | Vpp_| Digital Positive Supply (+3.3V). 
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Theory of Operation 
HI5813 is a CMOS 12-Bit, Analog-to-Digital Converter that 
uses capacitor charge balancing to successively 


approximate the analog input. A binary weighted capacitor 
network forms the A/D heart of the device. See the block 
diagram for the HI5813. 


The capacitor network has a common node which is 
connected to a comparator. The second terminal of each 
capacitor is individually switchable to the input, Vaer+ or 


VREF: 


During the first three clock periods of a conversion cycle, the 
switchable end of every capacitor is connected to the input 
and the comparator is being auto balanced at the capacitor 
common node. 


During the fourth period, all capacitors are disconnected 
from the input; the one representing the MSB (D11) is 
connected to the Vrrer+ terminal; and the remaining 
capacitors to Vpager-. The capacitor common node, after the 
charges balance out, will indicate whether the input was 
above "fp of (Vpacet+ - Vrer-). At the end of the fourth 
period, the comparator output is stored and the MSB 
capacitor is either left connected to VreF+ (if the comparator 
was high) or returned to Vrer-. This allows the next 
comparison to be at either 3), or '/4 of (VRer+ - VReF-). 


At the end of periods 5 through 14, capacitors representing 
D10 through D1 are tested, the result stored, and each 
capacitor either left at Vaer+ or at Vrer-. 


At the end of the 15th period, when the LSB (DO) capacitor is 
tested, (DO) and all the previous results are shifted to the 
output registers and drivers. The capacitors are reconnected 
to the input, the comparator returns to the balance state, and 
the data ready output goes active. The conversion cycle is 
now complete. 


Analog Input 


The analog input pin is a predominately capacitive load that 
changes between the track and hold periods of the 
conversion cycle. During hold, clock period 4 through 15, the 
input loading is leakage and stray capacitance, typically less 
than 5uA and 20pF. 


At the start of input tracking, clock period 1, some charge is 
dumped back to the input pin. The input source must have 
low enough impedance to dissipate the current spike by the 
end of the tracking period. The amount of charge is depen- 
dent on supply and input voltages. The average current is 
also proportional to clock frequency. 


As long as these current spikes settle completely by end of 
the signal acquisition period, converter accuracy will be 
preserved. The analog input is tracked for 3 clock cycles. 
With a clock of 500kHz the track period is 6ps. 


A simplified analog input model is presented in Figure 12. 
During tracking, the A/D input (Vij) typically appears as a 
380pF capacitor being charged through a 420Q internal 
switch resistance. The time constant is 160ns. To charge 
this capacitor from an external “zero ” source to 0.5 LSB 
(1/8192), the charging time must be at least 9 time 


constants or 1.4us. The maximum source impedance 
(Rsource Max) for a 6us acquisition time settling to within 
0.5 LSB is 1.3kQ. 


If the clock frequency was slower, or the converter was not 
restarted immediately (causing a longer sample time), a 
higher source impedance could be tolerated. 


VIN Rew ~ 4202 
CSaMPLE ~ 380pF 
Rsource Ty 
R _ -taca R 
SOURCE (MAX) —. neene SW 
Csampte !n [2 ] 


FIGURE 12. ANALOG INPUT MODEL IN TRACK MODE 
Reference Input 


The reference input Vaer+ should be driven from a low 
impedance source and be well decoupled. 


Current spikes are generated on the reference pin during 
each bit test of the successive approximation part of the con- 
version cycle as the charge balancing capacitors are 
switched between Vr_er- and Vraer+ (clock periods 5 - 14). 
These current spikes must settle completely during each bit 
test of the conversion to not degrade the accuracy of the 
converter. Therefore Vaere+ and Vrer- should be well 
bypassed. Reference input Vrager- is normally connected 
directly to the analog ground plane. If Vrer- is biased for 
nulling the converters offset it must be stable during the 
conversion cycle. 


Full Scale and Offset Adjustment 


In many applications the accuracy of the HI5813 would be 
sufficient without any adjustments. In applications where 
accuracy is of utmost importance full scale and offset errors 
may be adjusted to zero. 


The Vrer+ and Vr_er- pins reference the two ends of the 
analog input range and may be used for offset and full scale 
adjustments. In a typical system the Vper- might be 
returned to a clean ground, and the offset adjustment done 
on an input amplifier. Vaer+ would then be adjusted to null 
out the full scale error. When this is not possible, the Vrer- 
input can be adjusted to null the offset error, however, VreF- 
must be well decoupled. 


Full scale and offset error can also be adjusted to zero in the 
signal conditioning amplifier driving the analog input (Vij). 


Control Signal 


The HI5813 may be synchronized from an external source 
by using the STRT (Start Conversion) input to initiate conver- 
sion, or if STRT is tied low, may be allowed to free run. Each 
conversion cycle takes 15 clock periods. 


The input is tracked from clock period 1 through period 3, 
then disconnected as the successive approximation takes 
place. After the start of the next period 1 (specified by tp 
data), the output is updated. 
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The DRDY (Data Ready) status output goes high (specified 
by tp;DRDY) after the start of clock period 1, and returns 
low (specified by tpoDRDY) after the start of clock period 2. 


The 12 data bits are available in parallel on three-state bus 
driver outputs. When low, the OEM input enables the most 
significant byte (D4 through D11) while the OEL input 
enables the four least significant bits (DO - D3). tex and tpjs 
specify the output enable and disable times. 


If the output data is to be latched externally, either the trailing 
edge of data ready or the next falling edge of the clock after 
data ready goes high can be used. 


Figure 2 shows operation of the HI5813 when the STRT pin 
is used to initate a conversion. If STRT is taken high at least 
tRSTRT before clock period 1 and is not reapplied during 
that period, the converter will stay in the track mode and the 
DRDY output will remain high. A low signal applied to STRT 
will bring the DRDY flag low and the conversion will continue 
with clock period 3 on the first positive going clock edge that 
meets the tsySTRT setup time. 


Clock 


The clock used to drive the HI5813 can range in frequency 
from 50kHz up to 750kHz. All converter functions are syn- 
chronized with the rising edge of the clock signal. The clock 
can be shut off only during the sample (track) portion of the 
conversion cycle. At other times it must be above the mini- 
mum frequency shown in the specifications. In the above two 
cases, a further restriction applies in that the clock should 
not be shut off during the third sample period for more than 
1ms. This might cause an internal charge pump voltage to 
decay. 


If the clock is shut off during the conversion time (clock 
cycles 4 through 15) of the A/D, the output might be invalid 
due to balancing capacitor droop. 


The clock must also meet the minimum tLow and tHiGH 
times shown in the specifications. A violation may cause an 
internal miscount and invalidate the results. 


Power Supplies and Grounding 


Vpp and Vsgs are the digital supply pins: they power all 
internal logic and the output drivers. Because the output 
drivers can cause fast current spikes in the Vpp and Vss 
lines, Vsg should have a low impedance path to digital 
ground and Vpp should be well bypassed. 


Except for Vaa+, which is a substrate connection to Vpp, all 
pins have protection diodes connected to Vpp and Vss. 
Input transients above Vpp or below Vss will get steered to 
the digital supplies. 


The Vaa+ and Vaa- terminals supply the charge balancing 
comparator only. Because the comparator is autobalanced 
between conversions, it has good low frequency supply 
rejection. It does not reject well at high frequencies however; 
Vaa- Should be returned to a clean analog ground and Vaa+ 
should be RC decoupled from the digital supply as shown in 
Figure 13. 


There is approximately 50Q of substrate impedance 
between Vpp and Vaa+. This can be used, for example, as 
part of a low pass RFC filter to attenuate switching supply 


noise. A 10uF capacitor from Vaa+ to ground would 
attenuate 30kHz noise by approximately 40dB. Note that 
back to back diodes should be placed from Vpp to Vaa+ to 
handle supply to capacitor turn-on or turn-off current spikes. 


Dynamic Performance 


Fast Fourier Transform (FFT) techniques are used to 
evaluate the dynamic performance of the A/D. A low distor- 
tion sine wave is applied to the input of the A/D converter. 
The input is sampled by the A/D and its output stored in 
RAM. The data is than transformed into the frequency 
domain with a 4096 point FFT and analyzed to evaluate the 
converters dynamic performance such as SNR and THD. 
See typical performance characteristics. 


Signal-To-Noise Ratio 


The signal to noise ratio (SNR) is the measured RMS signal 
to RMS sum of noise at a specified input and sampling 
frequency. The noise is the RMS sum of all except the 
fundamental and the first five harmonic signals. The SNR is 
dependent on the number of quantization levels used in the 
converter. The theoretical SNR for an N-bit converter with 
no differential or integral linearity error is: SNR = (6.02N + 
1.76)dB. For an ideal 12-bit converter the SNR is 74dB. Dif- 
ferential and integral linearity errors will degrade SNR: 


Sinewave Signal Power 
SNR = 10 Log ————_ 
Total Noise Power 


Signal-To-Noise + Distortion Ratio 


SINAD is the measured RMS signal to RMS sum of noise 
plus harmonic power and is expressed by the following: 


Sinewave Signal Power 
SINAD = 10 Log —————— _—_———_— 
Noise + Harmonic Power (2nd - 6th) 


Effective Number of Bits 


The effective number of bits (ENOB) is derived from the 
SINAD data: 


SINAD - 1.76 
6.02 


ENOB = 


Total Harmonic Distortion 


The total harmonic distortion (THD) is the ratio of the RMS 
sum of the second through sixth harmonic components to 
the fundamental RMS signal for a specified input and 
sampling frequency. 

Total Harmonic Power (2nd - 6th Harmonic) 


THD = 10 Lo 
Sinewave Signal Power 


Spurious-Free Dynamic Range 


The spurious-free dynamic range (SFDR) is the ratio of the 
fundamental RMS amplitude to the rms amplitude of the next 
largest spur or spectral component. If the harmonics are 
buried in the noise floor it is the largest peak. 


Sinewave Signal Power 
SFDR = 10 Log ——————————_ 
Highest Spurious Signal Power 
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TABLE 2. CODE TABLE 


INPUT BINARY OUTPUT CODE 
VOLTAGE 
VrReFt = 3.3V 
CODE ea = 0.0V DECIMAL 


esc sou oe Peele pelea pe yaT 


a 


: a 
OUTPUT 
ANALOG , 
INPUT 
> 500kHz CLOCK 


FIGURE 13. GROUND AND SUPPLY DECOUPLING 
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Die Characteristics 


PASSIVATION: 


DIE DIMENSIONS: 


Type: PSG 


3200um x 3940um 


kA +2.5kA 


WORST CASE CURRENT DENSITY: 


Thickness: 13 


METALLIZATION: 


1.84 x 10° A/cm? 


kA +1kA 


Type: AlSi 


Thickness: 11 


Metallization Mask Layout 


HI5813 


Vpp OEL 


(LSB) DRDY 


1 


D 


yVS 


SY3ALYSANOD C/V 


OEM 


Di1 
(MSB) 


D10 


Vss 


D9 
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A/D Converters - Sigma Delta Data Sheets 


HI7188 8-Channel, 16-Bit, High Precision, Sigma-Delta A/D Sub-System .................. 000 ee 
HI7190 24-Bit, High Precision, Sigma Delta A/D Converter. ...... 2.0... . cece ee eee eee 
HI7191 Low Cost, 24-Bit, High Precision, Sigma Delta A/D Converter. ............ 2. eee eee ee 


7-1 


A/D CONVERTERS 
SIGMA DELTA 


sg 3 


16-BIT, 8 CHANNEL SIGMA DELTA A/D SUBSYSTEM 


SUFFIX CONV. 
DEVICE CODE OUTPUTS TYPE 
HI7188 IP, IN =| Serial QSPI, SP, I, Sigma Delta 
Microwire 4th Order 
Modulator 


INL TEMP. 
(LSB) |RANGE| Vref FEATURES 
240/Channel BiCMOS +5 +2.5V_ | (.0015) +2.5V | High Throughput 8-Channel Sigma 
Delta A/D On Board Micro-Sequencer 
24-BIT SIGMA DELTA A/D CONVERTER 


CONV. POWER 
SUFFIX CONV. RATE SUPPLY INL TEMP. 
DEVICE CODE OUTPUTS TYPE (MSPS) |NOLOGY (V) (LSB) RANGE VreF FEATURES 
Serial QSPI, SP, Sigma Delta | 11Hz -2kHz}| BiCMOS +5 +2.5V (.0007) IND +2.5V |Low Noise Sigma Delta 23.5 Bit 
Microwire 2nd Order ENOB at 16 Bits Linear 
Modulator 


apinydy uo!}Da/9S 


HARRIS 


SEMICONDUCTOR 


H1I7188 


8-Channel, 16-Bit, High Precision, 
Sigma-Delta A/D Sub-System 


August 1997 


Features 
Fully Differential 8-Channel Multiplexer and Reference 
Automatic Channel Switching with Zero Latency 
240 Conversions Per Second Per Channel 
16-Bit Resolution with No Missing Codes 
0.0015% Integral Non-Linearity 


Fully Software Configurable 
-120dB Rejection of 60/50Hz Line Noise 


Channel Conversion Order and Number of Active 
Channels 


True Bipolar or Unipolar Input Range Per Channel 
PGIA Gain Per Channel 
2-Wire or 3-Wire Interface 


Chopper Stabilized PGIA with Gains of 1 to 8 
Serial Data I/O Interface, SP! Compatible 

3 Point System Calibration 

Low Power Dissipation of 30mW (Typ) 


Applications 
Multi-Channel Industrial Process Controls 
Weight Scales 
Medical Patient Monitoring 
Laboratory Instrumentation 
Gas Monitoring System 


Reference Literature 


- AN9504 “A Brief Introduction to Sigma Delta 
Conversion” 


TB329 “Harris Sigma-Delta Calibration Techniques” 
AN9518 “Using the HI7188 Evaluation Kit” 

AN9610 “Interfacing the HI7188 to a Microcontroller” 
AN9538 “Using the HI7188 Serial Interface” 


Ordering Information 


PART 
NUMBER 


TEMP. 
RANGE (°C) PACKAGE 
-40 to 85 40 Ld PDIP E40.6 
vacamare [4a tox 


HI7188EVAL 25 Evaluation Kit 


Description 


The HI7188 is an easy-to-use 8-Channel sigma-delta pro- 
grammable A/D subsystem ideal for low frequency physical 
and electrical measurements in scientific, medical, and 
industrial applications. The subsystem has complete on-chip 
capabilities to support moving the intelligence from the sys- 
tem controller and towards the sensors. This gives the 
designer faster and more flexible configurability without the 
traditional drawbacks of low throughput per channel, higher 
power or cost per channel. Extreme design complexity and 
excessive software overhead is eliminated. 


The HI7188 contains a fully differential 8 channel multiplexer, 
Programmable Gain Instrumentation Amplifier (PGIA), 4th 
order sigma-delta ADC, integrating filter, line noise rejection 
filters, calibration and data RAMs, clock oscillator, and a 
microsequencer. Communication with the HI7188 is per- 
formed via the serial I/O port, and is compatible with most 
synchronous transfer formats, including both the Motor- 
ola/Harris 6805/11 series SPI, QSPI and Intel 8051 series 
SSR protocols. 


The powerful on-board microsequencer provides automatic 
conversions on the multiplexed input channels (up to 8) by 
controlling all channel switching, filtering and calibration. The 
microsequencer supports on-the-fly multiplexer reconfigura- 
tion, forty to fifty times faster throughput than the competition 
and zero step response delay during internal or external 
multiplexer channel changes. A simple set of commands 
gives the user control over calibration, PGIA gain, and bipo- 
lar/unipolar modes on a per channel basis. Number of chan- 
nels to convert, data coding, line noise rejection, etc. is 
programmed at the chip level. The calibration RAMs allow 
the user to read and write system calibration data while the 
data RAMs provide a read support of the conversion results 
for each channel. 


This design is effectively eight 16-bit (for 96dB noise-free 
dynamic range) Sigma-Delta A/D converters combined with 
a microsequencer and an eight-channel multiplexer in a sin- 
gle package. The HI7188 provides 120dB line-noise rejec- 
tion at 240 samples/second/channel (in 60Hz line-rejection 
mode) and 200 samples/second/channel (in 50Hz line-rejec- 
tion mode) base output data rates. By reusing multiplexer 
channels for the same input, throughput can increase by 
integer increments of the base output data rate up to 
1920Hz. 


A/D CONVERTERS 


SIGMA DELTA 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 7.3 
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File Number 
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Pinouts 


HI7188 (PDIP) 
TOP VIEW 


MODE cs 
SCLK RSTVO 
SDO EOS 
SDIO Ap 
OSC, Ay 
OSC2 Ag 
DVpp MXC 
DGND CA 
AVss RST 
VINL1 DGND 
ViNH1 AVss 
VINL2 AVop 
VINH2 VRHI 
VINL3 VRLO 
VINH3 Vom 
VINL4 VINH8 
VINH4 VINL8 
VINLS5 VINH7 
VINHS VINL7 
VINL6 VINH6 


HI7188 (MQFP) 
TOP VIEW 


anh 


2 

3 

4 

5 

6 

T 

8 

9 

10 

11 23 
12 13 5 18 19 20 2122 
JUUUUUUUUoOU' 
SS FY2B8 Ff 5E8E 
Z2222Z22Z222ZZ2Z2z 
> > > Fr oper > rm lmhmUmmUD 
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Functional Block Diagram 


Vom 

PHYSICAL 
CHANNELS 

VIN1H 

VIN2H —~ 

VIN3H a 

VIN4H = 

VINSH 

VIN6H — 

VIN7H ae 

ViIN8H 


VINIL 
VIN2L 
VIN3L 
VIN4 
VINSL 


rm 


PGIA GAIN 


Vani VRLO 


LOGICAL BYPASS 
CHANNELS | {LINE NOISE FILTER LNR 


B) 
> 
= 
— 


CALIBRATION 
REGISTERS 
AND CONTROL 


2/2 
< 
i) 


INTEGRATING 
FILTER 


oO 
<= 
| 


VINGL BIPOLAR/UNIPOLAR 


VIN7L 
VINSL 


Ag 
hs LOGICAL 
Ao CHANNEL 
ADDRESS 

MXC 


LOGICAL SEQUENCER 


CONVERSION CONTROL 


SERIAL 
INTERFACE 
CLOCK 


GENERATOR 


EOS CA RST MODE CS SCLK SDO SDIO RSTIO 


A/D CONVERTERS 


SIGMA DELTA 


881LZIH 
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Typical Application Schematic 


3.6864MHz 
17 U 16 
29 
+5V AVpp OSC; OSC DVpp mi +5V 
4.7uF 
Ry B 
HI7188IP 0.1uF 
+2.5V 28 
V 11 4 
(+) DATA VO 
CHANNEL 1 10 3 
(=) DATA OUT 
oC _ 
CHANNEL 2 12 - 
©) 6 : RSTUO 
(a) 40 
CHANNEL 3 14 . cS 
@ 38 __ 
CHANNEL 4 6 16 SS CA 
18 32 
o RST 
CHANNEL 5 7 
© 34 
oS 21 MXC 
37 
CHANNEL 6 5 20 he 
36 
S = - 
CHANNEL 7 
C) = 35 ‘ 
o = 
CHANNEL 8 5 24 


7-6 


HI7188 


Pin Descriptions 


40 LEAD 44 LEAD 
PDIP MQFP PIN DESCRIPTION 
1 41 MODE Mode input. Used to select between Synchronous Self Clocking (MODE = 1) or Synchronous Ex- 
ternal Clocking (MODE = 0) for the Serial Port. 
2 42 SCLK Serial interface clock. Synchronizes serial data transfers. Data is input on the rising edge and out- 
put on the falling edge. 


pa 
Ww 


SDO Serial Data Out. Serial data is read from this line when using a 3-wire serial protocol such as the 
Motorola Serial Peripheral Interface. 


| 


D 
- 
O 


SDIO 


£ 
is 


w — = 
(o>) ol 


w 
a 


Serial Data IN or OUT. This line is bidirectional programmable and interfaces directly to the Intel 
Standard Serial Interface using a 2-wire serial protocol. 


Osc, 


Oscillator clock input for the device. A crystal connected between OSC, and OSC» will provide a 
clock to the device, or an external oscillator can drive OSC. The oscillator frequency should be 
3.6864MHz to maintain Line Noise Rejection. 


OSC» Used to connect a crystal source between OSC, and OSCp. Leave open otherwise. 


N 
ine) 


3, 30 
4, 29, 39 
5,6, 27, 28 


8, 31 
9, 30 


DGND Digital supply ground 
AVss Negative analog power supply (-5V) 


N 


VINLI Analog input low for Channel 1. 
VINH1 Analog input high for Channel 1 


10 
11 
12 
4 


VINH2 Analog input high for Channei 2 


VINL2 Analog input low for Channel 2. 
VINL3 Analog input low for Channel 3 


VINH3 Analog input high for Channel 3 


— 
Ww 


4 


17 
18 i : 
19 
20 i i ; 
: . 
22 : 


ie) 
oO 


VINL6 Analog input low for Channel 6. 
VINH6 Analog input high for Channel 6 
VINL7 Analog input low for Channel 7. 


NM] MT Mh 
WOT mi — 


VINH7 Analog input high for Channel 7 
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VINL8 Analog input low for Channel 8 
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VINH8 Analog input high for Channel 8 
Vom Common mode voltage. Must be tied to the mid point of AVpp and AVss. 
External reference input. Should be negative referenced to Vp}. 
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DVpp Positive Digital supply (+5V). 
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RST Active low Reset pin. Used to initialize modulator, filter, RAMs, registers and state machines. 
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Logical channel count output 
Logical channel count output (MSB 


End of scan output. Signals the end of a channel scan (all active channels have been converted) 
and data is available to be read. Remains low until data RAM is read. 


\/O reset (active low) input. Resets serial interface state machine only. 


Active low chip select pin. Used to select a serial data transfer cycle. When high the SDO and 
SDIO pins are three-state. 
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Absolute Maximum Ratings Thermal Information 
Supply Voltage Thermal Resistance (Typical, Note 1) Oya (CC/W) 
PN VO PNGB. cae pureracategedinnewandenss eure rads 11V =) mY | 50 
gr 1 DRGs 625 bab ohh oon or he weeRuces es ayes en +5.5V RACER. ox xudcdedduccauscnbecivtadubauninn 80 
Analog Input Pins.......... terete ete AVss toAVppD ~=— Maximum Storage Temperature Range .......... -65°C to 150°C 
Digital Input, Output and I/O Pins............... DGND toDVpp ~=— Maximum Junction Temperature. ............00.0000 05. 150°C 
ESD Tolerance (No Damage) Maximum Lead Temperature (Soldering 10s)............. 300°C 
PUN Body Model 6.25 .6a0ndesiseecapenerer neces 500V (MQEFP - Lead Tips Only) 
MACNING MOGE) «i ccccearcavarentencinsinernnnees es 100V 
Charged Device Mogel). vivs ca riese ee ecesenvegsszua ees 500V 


Operating Conditions 
Operating Temperature Range.................. -40°C to 85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 6ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications AVpp = +5V, AVsg = -5V, DVpp = +5V, Vani = +2.5V, VRLo = AGND, Voy = AGND, PGIA Gain = 1, 
OSCjy = 3.6864MHz, Bipolar Input Range Selected 


-40°C TO 85°C 


TYP 
Integral Non-Linearity, INL Fs = 25Hz, +FS, +MS, 0, -MS, -FS 


+0.0015 +0.0045 %FS 
End Point Line Method (Notes 3, 5, 6) 


Differential Non-Linearity (Note 2) No Missing Codes to 16-Bits 


Offset Error, Vos (Calibrated) ViINHI = VINLo (Notes 3, 4) +0.0015 


PARAMETER TEST CONDITION 


SYSTEM PERFORMANCE 


Resolution Dependent on Gain (Note 2) 


Full Scale Error, FSE (Calibrated) VinH! - VINLO = +2.5V (Notes 3, 4) +0.0015 


Gain Error (Calibrated) Slope = +Full Scale - (-Full Scale) +0.0015 


(Notes 3, 4) 


Noise, VP-P) 1/4 


Common Mode Rejection Ratio, Vom = OV (Note 5) Delta Vox = +3V 
CMRR 


~ 
On 


Off Channel Isolation (Note 2) -120 


- 
nM 
W 


ANALOG INPUT 


Common Mode Input Range, Von (Note 2) 


AVss 
Input Leakage Current, lin Vin = AVpp (Note 3) 


BAN 
oO 


Input Capacitance, Cj (Note 2) See Table 2 


DIGITAL INPUTS 


E 


Input Logic High Voltage, Vj 


n 
° 


on} — 
o1° 
—_ 
oO 
5 E 


Input Logic Low Voltage, Vj, 


Input Logic Current, |; Vin = OV, +5V 


Input Capacitance, Cjjy Vin = OV (Note 2) 
DIGITAL CMOS OUTPUTS 


Output Logic High Voltage, Voy lout = -100pA (Note 7) 2.4 
Output Logic Low Voltage, Vo, lout = 3.2mA (Note 7) 


wT 
8 


oO 
oS 
-|< 


HI7188 


Electrical Specifications = AVpp = +5V, AVss = -5V, DVpp = +5V, Vani = +2.5V, Va_Lo = AGND, Voy = AGND, PGIA Gain = 1, 
OSCyjn = 3.6864MHz, Bipolar Input Range Selected (Continued) 


-40°C TO 85°C 


PARAMETER TEST CONDITION } oMIN- | TYP) |) MAX | UNITS 


Output Three-State Leakage Vout = OV, +5V (Note 7) 1 10 yA 
Current, loz 


TIMING CHARACTERISTICS 


0 


SCLK Minimum Pulse Width, tsc_Kpw | (Notes 2, 7 
CS to SCLK Precharge Time, tppe (Notes 2, 7 50 


7) 
7 <a 
7 =< 
Data Setup to SCLK Rising Edge (Notes 2, 7) 50 ns 
(Write), tosu 
Data Hold from SCLK Rising Edge (Notes 2, 7) 
(Write), topHLp 
Data Read Access from Instruction (Notes 2, 7) 40 ns 
Byte Write, tacc 
Read Bit Valid from SCLK Falling (Notes 2, 7) 
Edge, tpy 
| | a 
7 30 
7) 
7) 


Last Data Transfer to Data Ready 
Inactive, tORDY 

RESET Low Pulse Width treser 10 

AVpp = +5V, OSC, = 3.6864MHz (Note 3) 
DVpp = +5V, SCLK = 4MHz 


Power Dissipation, Active PD, AVop = +5V, AVss = -5V, SLP = ‘0’ 


(Notes 3, 9) 


Power Dissipation, Sleep PDs AVpp = +5V, AVgg = -5V, SLP = ‘1’ 
(Notes 3, 9) 


PSRR (A Veupply = 0.25V) PSRR = 20log (AVsupply / AVos ) (Note 3) 


NOTES: 
2. Parameter guaranteed by design or characterization, not production tested. 


. DC PSRR is measured on all supplies individually and applies to both Bipolar and Unipolar Input Ranges. 
. These errors can be removed by re-calibrating at the desired operating temperature. 

. Applies after system calibration. 

. Fully differential input signal source is used. 

. See Load Test Circuit, Figure 1, Ry = 10kQ, C, = 50pF (Includes Stray and Jig Capacitance). 

. For Line Noise Rejection, 3.6864MHz is required to develop internal clocks to reject 50/60Hz. 

. SLP is the sleep mode enable bit defined in bit 3 of the Control Register (CR <3>). 


Oo DAN Da & W 
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T C, (INCLUDES STRAY 


CAPACITANCE) 


FIGURE 1. LOAD TEST CIRCUIT 


Test Circuits 
V4 
Ry 
DUT 
Ry Ro 
V Cesp DUT 
V 
HUMAN BODY MACHINE MODEL 
Cesp = 100pF Cesp = 200pF 
Ry = 10MQ Ry = 10MQ 
Ro = 1.5kQ Ro = 02 


FIGURE 2. HUMAN BODY AND MACHINE MODEL ESD TEST 
CIRCUIT 


Waveforms 


SCLK 


SDIO 


DIELECTRIC 


CHARGED DEVICE MODEL 
Ry =1GQ 
Rg = 12 


FIGURE 3. CHARGE DEVICE MODEL ESD TEST CIRCUIT 


2ND BIT 


FIGURE 4. DATA WRITE TO HI7188 


HI7188 


Waveforms (Continued) 


SCLK 


SDIO 


1ST BIT 


SDO 


2ND BIT 


FIGURE 5. DATA READ FROM HI7188 


FIGURE 6. DATA READ FROM HI7188 


Definitions 


Integral Non-Linearity (INL) - This is the maximum devia- 
tion of any digital code from a straight line passing through the 
endpoints of the transfer function. The endpoints of the trans- 
fer function are zero scale (a point 0.5 LSB below the first 
code transition 000...000 and 000...001) and full scale (a point 
0.5 LSB above the last code transition 111...110 to 111...111). 


Differential Non-Linearity (DNL) - This is the deviation 
from the actual difference between midpoints and the ideal 
difference between midpoints (1 LSB) for adjacent codes. If 
this difference is equal to or more negative than 1 LSB, a 
code will be missed. 


Offset Error (Vos) - The offset error is the deviation of the first 
code transition from the ideal input voltage (Vy - 0.5 LSB). 


Full Scale Error (FSE) - The full scale error is the deviation 
of the last code transition from the ideal input full-scale volt- 
age (Vin- + Vrer/Gain - 1.5 LSB). 


Input Span - The input span defines the minimum and max- 
imum input voltages the device can handle while still cali- 
brating properly for gain. 


End of Scan (EOS) - The end of scan is a signal used to 
indicate all active logical channels have been converted and 
data is available to be read. 


Line Noise Rejection - Line noise rejection is the ability to 
attenuate (reject) signals at the frequency of power lines typ- 
ically 50Hz or 60Hz. 


Physical/Logical Channel - A physical channel pertains to 
channels which are directly connected to the device package 
pins identified in the pinout. Logical channels are predefined 
in the Channel Configuration Registers (CCR) with a physical 
channels reference (address) being made by the user. Refer 
to the Channel Configuration Registers section for examples. 
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Functional Description 


The HI7188 contains a differential 8 channel multiplexer, 
Programmable Gain Instrumentation Amplifier (PGIA), 4th 
order sigma-delta ADC, integrating filter, line noise rejection 
filters, Calibration and data RAMs, bidirectional serial port, 
clock oscillator, and a microsequencer. The 8 to 1 multi- 
plexer at the input combined with the resetable modulator on 
the HI7188 allow for conversions of up to 8 differential chan- 
nels with each channel being updated at a rate of 240 sam- 
ples per second (with 60Hz line noise rejection enabled). 
The device can be programmed for conversion of any combi- 
nation of physical channels. After the signal has passed 
through the multiplexer, it moves into the PGIA. The PGIA 
can be configured in gains of 1, 2, 4 and 8 specific for each 
of the 8 logical channels. The signal then enters the sigma 
delta modulator. The patented one-shot sigma delta modula- 
tor is a fourth order modulator which converts the differential 
analog signal into a series of one bit outputs. The 1’s density 
of this data stream provides a digital representation of the 
analog input. The output of the modulator is fed into the inte- 
grating low pass digital filter. Data out of the filter is available 
after 201 bits are received from the modulator. 


If the device is in line noise rejection mode, the integrating fil- 
ter data is routed to the Line Noise Rejection filters. This 
data is then calibrated using the offset and gain calibration 
coefficients. Data coding is performed and the result is 
stored in the data RAM. If line noise rejection is disabled, the 
averaging filter is bypassed, calibration is performed on the 
data from the integrating filter, the data is coded, and the 
result is stored in the data RAM. 


This data flow of modulation, filter and calibrate is repeated 
for each of the active logical channels (up to 8). After all 
active logical channels are converted the HI7188 generates 
an active low interrupt, End Of Scan (EOS), that indicates all 
logical channels have been updated and valid data is avail- 
able to be read from the data RAM. 


Converted data is read via the HI7188 serial I/O port which 
is compatible with most synchronous transfer formats includ- 
ing both the Motorola SPI and Intel 8051 series SSR proto- 
cols. All RAMs, including the Data RAM, are accessed in a 
“burst” mode. That is, the data for all active logical channels 
is accessed in a single read communication cycle. 


Using the HI7188 


This section describes how to use the device for a typical 
application. This includes power supply considerations, initial 
reset, calibration and conversion. Please refer to Figure 7. 


The analog and digital supplies and grounds are separate 
on the HI7188 to minimize digital noise coupling into the 
analog circuitry. Nominal supply voltages are AVpp = +5V, 
DVpp = +5V, and AVssg = -5V. If the same supply is used 
for AVpp and DVpp it is imperative that the supply is sepa- 
rately decoupled to the AVpp and DVpp pins on the 
H1I7188. Separate analog and digital ground planes should 
be maintained on the system board and the grounds should 
be tied together back at the power supply. 


When the HI7188 is powered up it needs to be reset by pulling 
the RST line low. This resets the internal registers as shown in 
Table 1. This initial configuration defines the part for one 
active logical channel (physical channel 1, address 000), con- 
version mode, unipolar operation, gain of one, no line noise 
rejection, offset binary coding, MSB first I/O bit order, 
descending I/O byte order, and single line interface. After the 
RST line returns high, the device immediately begins convert- 
ing as described above without any further instruction. There 
is no correction for offset or gain errors on the converted data 
at this time. To ensure maximum performance, calibration 
should be done as defined in the operation mode section. 


TABLE 1. REGISTER RESET VALUES 


VALUE (HEX) 
XXXX (undefined) 
OOXXXXXX 


REGISTER 


Positive Full Scale Calibration Registers | 800000 
Negative Full Scale Calibration Registers | 800000 


The reset configuration should be updated to reflect the users 
system including chip level and channel level programming. 


1. Chip level refers to programming common to all channels 
such as 50/60 Hertz Line Noise Rejection, number of ac- 
tive channels, etc. and is detailed in the Control Register 
(CR) section. 


2. Channel level programming is custom for each channel 
such as gain, physical input and mode as detailed in the 
Channel Configuration Registers (CCR) section. 


A calibration routine should be performed next to remove 
system offset and full scale errors (See Calibration section). 
The CCR is used to place each channel of the device in sev- 
eral operational modes including Conversion, System Offset 
Calibration, System Positive Full Scale Calibration and Sys- 
tem Negative Full Scale Calibration. Each channel inputs 
should be connected and settled to the correct input condi- 
tion before the CCR is programmed for each calibration 
point. After a complete system calibration is performed, the 
desired analog input is applied and accurate data can be 
read via the serial interface. The device should be recalibrated 
when there is a change in the user configuration (i.e. gain, uni- 
polar/bipolar), supply voltage or ambient temperature. 


The configuration can be saved by writing the contents of the 
CR, CCR and calibration RAMs to microprocessor system 
memory (see Serial Interface section). After this has 
occurred, the configuration can easily be restored back to 
the HI7188 in the event of power failure or reset. 


Analog Section Description 


The analog portion of the HI7188 consists of a 8 to 1 fully dif- 
ferential Multiplexer, Programmable Gain Instrumentation 
amplifier (PGIA) and a 4th order Sigma-Delta modulator. 
Please refer to the simplified analog block diagram in Figure 8. 
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FIGURE 7. SYSTEM USAGE FLOWCHART 
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CONVERSION 
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FIGURE 8. ANALOG BLOCK DIAGRAM 


Analog Inputs 


The analog inputs on the HI7188 are fully differential inputs 
with programmable gain capabilities. The inputs accept both 
unipolar and bipolar input signals and gains of 1, 2, 4 or 8. 
The gain for any given physical channel is independent of 
the gain of other physical channels. The gain is programmed 
via the Channel Configuration Register (CCR). 


The input impedance of the HI7188 is dependent upon the 
modulator input sampling capacitors which varies with the 
selected PGIA gain. Table 2 shows the sampling capacitors 
and input impedances for the different gain settings of the 
HI7188. Note that this table is valid only for a 3.6864MHz 
master clock. If the input clock frequency is changed then 
the input impedance will change accordingly. The equation 
used to calculate the input impedance is 


Zin = 1/(Cg x Fs) 


Where Cz is the internal sampling capacitance and Fs is the 
modulator sampling rate set by the master clock divided by 
six (Fs = 3.6864MH2/6 = 614.4kHz). 


TABLE 2. EFFECTIVE INPUT IMPEDANCE vs GAIN 


SAMPLING INPUT 
CAPACITOR | IMPEDANCE 
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Bipolar/Unipolar Input Ranges 


The inputs can accept either unipolar or bipolar input volt- 
ages with each physical channel’s mode being independent 
of other physical channels. Bipolar or unipolar options are 
chosen by programming the bipolar/unipolar (B/U) bits of the 
Channel Configuration Registers (CCR). Programming the 
logical channels for either unipolar or bipolar operation does 
not change any of the input signal conditioning. The inputs 
are differential, and as a result are referenced to the voltage 
on the Vin input. For example, if Vinu x is +3.75V and logi- 
cal channel X is configured for unipolar operation with a gain 
of 1 and a Vper of +2.5V, the input voltage range on the 
VINLX input is +1.25V to +3.75V. If Vinx is +1.25V and logi- 
cal channel X is configured for bipolar mode with gain of 1 
and a Vref of +2.5V, the analog input range on the VinHyx 
input is -1.25V to +3.75V. 


Multiplexer 


The input multiplexer is a fully differential 8 channel device 
controlled by the internal microsequencer. Any number of 
inputs, up to 8, can be scanned and both the number of phys- 
ical channels scanned and the scanning order are controlled 
by the users programming of the Channel Configuration Reg- 
ister (CCR). The output of the multiplexer feeds the input to 
the Programmable Gain Instrumentation Amplifier (PGIA). 


External Multiplexers 


For interfacing the HI7188 to external multiplexers several 
output pins are available. These pins include MXC, Ap Aj 
and Ao. Refer to Figure 9. The MXC pulse is active high dur- 
ing the modulator and integrating filter reset pulse. The pulse 
width is typically 14.6us with LNR disabled and 54.6us with 
LNR enabled. This signal can be used to “break before 
make” an external multiplexer. Referring to Figure 9, the data 
conversion time involves the actual input channel A/D con- 
version while the calibration time involves data calibration 
and coding of the conversion results. The address pins Ag. 
A; and Ag describe the logical address which is currently 
being converted. The user can utilize these output pins to 
drive external multiplexer address pins. 


The main critical issue is the external multiplexer output 
must switch and settle to 0.00153% (16 bits) of the final 
value during the MXC reset pulse and prior to Data Integra- 
tion or data errors will occur. The input must be stable only 
during the data integration period but can be changed during 
the calibration period. 


' 
CHAN | 


| DATA | | DATA | 
; CONVERSION ; CALIBRATION, SWITCH ; CONVERSION | 
y | —~ tuxc be | 


MXC 


Pek VALID LOGICAL aponessh VALID LOGICAL ADDRESS 
2, 1,0 


FIGURE 9. CHANNEL SWITCHING TIMING 


Programmable Gain Instrumentation Amplifier 


The Programmable Gain Instrumentation Amplifier (PGIA) 
allows the user to interface low level sensors and bridges 
directly to the HI7188. The PGIA has 4 selectable gain 
options of 1, 2, 4, and 8. The gain of each physical channel 
is independent of other physical channels and is program- 
mable by writing the G1 and GO bits in the Channel Configu- 
ration Registers (CCR). 


Differential Reference Input 


The reference inputs, Vay; and V_io, provide a differential 
reference input capability. VRy; must always be greater than 
Vr_o for proper operation of the device. The common mode 
range for these differential inputs is from AVss to AVpp and 
the nominal differential voltage (VpeF = VRH - VRLo) is 
+2.5V. Larger values of Vref can be used with minor degra- 
dation in performance. Smaller values of Vper can also be 
used but performance will be degraded since the system 
noise is larger relative to the LSB size. The full scale range 
of the HI7188 is defined as: 


FSRBIPOLAR =? x VreF/GAIN 


FSRUNIPOLAR = VREF/GAIN 


The reference inputs provide a high impedance dynamic 
load similar to the analog inputs. For proper circuit operation 
these pins must be driven by low impedance circuitry. Refer- 
ence noise outside of the band of interest will be removed by 
the digital filter but excessive reference noise inside the band 
of interest will degrade performance. 


Vecm Input 


The Von input is the internal reference voltage for the 
HI7188 analog circuitry and should always be tied to the 
midpoint of the AVpp and AVss supplies. This point pro- 
vides a common mode input voltage for the internal opera- 
tional amplifiers and must be driven from a low noise, low 
impedance source if it is not tied to analog ground. Failure to 
do so will result in degraded HI7188 performance. It is rec- 
ommended that Vcy be tied to analog ground when operat- 
ing off of AVpp = +5V and AVsg = -5V supplies. Voy also 
determines the headroom at the upper and lower ends of the 
power supplies which is limited by the common mode input 
range where the internal operational amplifiers remain in the 
linear, high gain region of operation. 


Sigma Delta Modulator 


The sigma delta modulator is a fourth order modulator which 
converts the differential analog signal into a series of one bit 
outputs. The 1’s density of this data stream provides a digital 
representation of the analog input. Figure 10 shows a simpli- 
fied block diagram of the analog modulator front end of a 
Sigma-Delta A/D Converter. The input signal Vj)) comes into 
a summing junction (the PGIA in this case) where the previ- 
ous modulator output is subtracted from it. The resulting sig- 
nal is then integrated and the output of the integrator goes 
into the comparator. The output of the comparator is then fed 
back via a one bit DAC to the summing junction. The feed- 
back loop forces the average of the fed back signal to be 
equal to the input signal Vj. 
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FIGURE 10. SIMPLE MODULATOR BLOCK DIAGRAM 


Digital Section Description 


A block diagram of the digital section of the HI7188 is shown 
in Figure 11. This section includes an integrating filter, aver- 
aging filters, calibration logic registers, output data RAM, 
digital serial interface and a clock generator. 


Integrating Filters 


The integrating filter receives a stream of 1s and Os from the 
modulator at a rate of 614kHz. The 1’s density of this data 
stream provides a digital representation of the analog input 
signal. The integrating filter provides the low pass function 
with a cutoff of 2kKHz. The Integrating Filter works in concert 
with the modulator and is controlled by the same clock and 
reset signals. The filter integrates 201 1-bit samples from the 
modulator for a valid “conversion” to be completed. At that 
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time the data is transferred to the Line Noise Rejection 
(LNR) Filters or straight to calibration if LNR is not selected. 


Line Noise Rejection 


The line noise rejection section is used to eliminate a periodic 
sine wave signal of either 50Hz or 60Hz line frequencies. 


To understand the functionality of the HI7188 line noise 
rejection (LNR), it is useful to discuss the method utilized by 
a generic integrating analog to digital converter (ADC). This 
ADC uses an external summing/integrating capacitor to sum 
the line noise on a capacitor over one line noise cycle. The 
cycle period is 16.67ms and 20ms for 60Hz and 50Hz 
respectively. The ADC output is then the desired input with 
the line noise summed to zero with a conversion rate equal 
to the line noise frequency. 


The HI7188 has the ability to do the same function as the Inte- 
grating ADC but samples the input four times during the line 
cycle (see Figure 12). For this discussion, the desired analog 
input signal will be zero. The HI7188 accomplishes this by 
instituting a four quadrant, four point running average system. 
The microsequencer samples all eight inputs at exactly the 
same point in time and for the exact amount of time for each 
of the four quadrants of a single line cycle and stores them 
separately. These four samples are then summed, on a per 
channels basis, which results in the same answer of the line 
synchronous noise as with the Integrating ADC. 
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FIGURE 11. DIGITAL BLOCK DIAGRAM 
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A one channel example: 


1. Channel 1 is sampled four times as labeled S1, S2, S3, 
and S4 in Figure 12. One sample for each 90 degrees 
quadrant of line cycle (quarter main cycle). 


2. Each sample is equally spaced (From zero, S1 = 5 degrees, 
S2 = 95 degrees, S3 = 185 degrees and S4 = 275 degrees). 


3. Each sample is of the same duration of time. 


4. Samples S1 and S3 (180 degrees later) will have the 
equal magnitudes of line noise but have opposite signs. 


5. Samples S2 and S4 (180 degrees later) will have the 
equal magnitudes but opposite signs. 


6. The HI7188 sums the samples S1, S3, S2 and S4 which 
results in averaging the line noise signal to zero. 


7. These four samples are placed, real time, in the 4x8 array 
of registers used for LNR. The next quadrant sampled (S5) 
replaces S1 in the running average. The new sample re- 
placed S1 at the same point on the line cycle, 5 degrees 
but 360 degrees later. The line noise summation is still ze- 
ro. Now for every quarter main cycle thereafter, the LNR 
will be updated and line noise free output will be available. 


INPUT(V) 


1/4 LINE NOISE 


FIGURE 12. LINE NOISE CYCLE INCLUDING PATENTED TIME 
SPACED INPUT SAMPLING 


Calibration 


Calibration is the process of adjusting the conversion data 
based on known system offset and gain errors. For a com- 
plete system calibration to occur, the on-chip microcontroller 
must perform a three point calibration which involves record- 
ing conversion results for three different input conditions - 
“zero-scale,” “positive full-scale,” and “negative full-scale”. 
With these readings, the HI7188 can null any system offset 
errors and calculate the positive and negative gain slope fac- 
tors for the transfer function of the system. It is imperative 
that the zero-scale calibration be performed before either of 
the gain calibrations. The order of the gain calibrations is not 
important. Non-calibrated data can be obtained from the 
device by writing 000000 (h) to the Offset Calibration Regis- 
ter, 800000 (h) to the Positive Full Scale Calibration Regis- 
ter, and 800000 (h) to the Negative Full Scale Calibration 
Register. This sets the offset of the part to 0 and both the 
positive and negative gain slope factors to 1. 


A calibration routine should be initiated whenever there is a 
change in the ambient operating temperature or supply 


voltage. It should also be initiated if there is a change in the 
gain, bipolar, or unipolar input range. 


The user may choose to ignore data during calibration or 
check whether any ACTIVE channel is in calibration. Bit 12, 
the SE bit, of the Control Register offers capability to sup- 
press the EOS interrupt during calibration. If the SE bit is 
high the EOS interrupt will be suppressed if any active logi- 
cal channel is in the calibration mode. If the SE bit is high 
and no active logical channels are in the calibration mode 
the EOS interrupt will function normally. If low, the suppress 
EOS function is disabled. To check whether any logical 
channel is in calibration the user can monitor the Calibration 
Active (CA) output pin. The CA output pin is high when at 
least one of the active logical channels are in calibration. If a 
non active logical channel is in calibration the CA will not be 
high. The user can monitor the CA pin to determine when all 
active logical channels are calibrated. 


NOTE: When the user accesses the calibration RAMs, via the Serial 
Interface, the conversion process stops, resetting the modulator, in- 
tegrating filter and clearing the EOS interrupt. When the calibration 
RAM |/O operation is completed the device automatically restarts be- 
ginning on logical channel 1. The contents of the CR and CCR are 
not affected by this I/O. 


Calibration Time 


The calibration time varies depending several factors includ- 
ing LNR (50H2Z/60HZ) being enabled or disabled, and 2 point 
calibration. Table 3 contains a summary of the conversion 
time depending on these factors. Since line noise rejection is 
a major factor this discussion is divided accordingly. 


TABLE 3. CALIBRATION TIME 


NOTE: N is the number of active channels. Total Cal column as- 
sumes zero switching time between calibration points. 


Line Noise Rejection On 


When line noise rejection is enabled, it takes 4 conversion 
scan periods to fill the averaging filters used for attenuating 
the periodic line noise. A conversion scan involves convert- 
ing all 8 logical channels at a rate dependent on whether 
LNR is set to 50Hz or 6OHz. The scan period is 5ms 
(1/200Hz) and 4.167ms (1/240Hz) respectively. The number 
of active channels is not applicable in this calculation since 
the microsequencer converts on ALL logical channels to 
maintain LNR timing regardless of the number of user 
defined active channels. 
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Line Noise Rejection Off 


Operation of the device is altered slightly when LNR is dis- 
abled. Since the microsequencer is not synchronizing for 
any line noise, the conversion rate increases to 260.3 con- 
versions second/channel (10% increase). With LNR dis- 
abled, a conversion scan involves converting only the 
ACTIVE logical channels. When ACTIVELY converting on 
less than 8 channels, this is the major speed advantage over 
LNR enabled which sets conversion scan period based on 
ALL eight logical channels. Refer to Table 3. 


System Offset Calibration 


The system offset calibration mode is a process that allows 
the user to lump offset errors of external circuitry and the 
internal errors of the HI7188 together and null them out. This 
mode will convert the external differential signal applied to 
the Vix inputs and then store that value in the offset calibra- 
tion RAM for that physical channel. To invoke the system off- 
set calibration the user applies the “zero scale” voltage to the 
physical channel requiring calibration, then writes the related 
CCR byte indicating offset calibration is required. The next 
time this logical channel is converted, the microsequencer 
performs calibration and updates the related offset RAM. 
Next the internal microsequencer places that logical channel 
back into the conversion mode and updates the CCR byte. 


System Positive Full Scale Calibration 


The system positive full scale calibration mode is a process 
that allows the user to lump positive gain errors of external cir- 
cuitry and the internal gain errors of the HI7188 together to 
calculate the positive transfer function of the system. This 
mode will convert the external differential signal applied to the 
Vin inputs and then store that value in the system positive full 
Scale calibration RAM for that physical channel. To invoke the 
system positive full scale calibration the user applies the “pos- 
itive full scale” voltage to the physical channel requiring cali- 
bration, then writes the related CCR byte indicating positive 
full scale calibration is required. The next time this logical 
channel is converted, the microsequencer performs calibra- 
tion and updates the related system positive full scale calibra- 
tion RAM. Next the internal microsequencer places that 
logical channel back into the conversion mode and updates 
the CCR byte. 


System Negative Full Scale Calibration 


The system negative full scale calibration mode is a process 
that allows the user to lump negative gain errors of external cir- 
Cuitry and the internal gain errors of the HI7188 together to cal- 
culate the negative transfer function of the system. This mode 
will convert the external differential signal applied to the VIN 
inputs and then store that value in the system negative full 
scale calibration RAM for that physical channel. To invoke the 
system negative full scale calibration the user applies the “neg- 
ative full scale voltage”, which must be equal to Vref, to the 
physical channel requiring calibration, then writes the related 
CCR _ byte indicating negative full scale calibration is 
required(see note below). The next time this logical channel is 
converted, the microsequencer performs calibration and 
updates the related system negative full scale calibration RAM. 
Next the internal microsequencer places that logical channel 


back into the conversion mode and updates the CCR byte. 


TEMPORARY NOTE: In bipolar mode, the user MUST 
perform negative full scale calibration with the exact dif- 
ferential voltage applied to the Vref pins, otherwise large 
errors will occur at the zero crossing point. During nor- 
mal conversions, the error occurs when the input is at 
the offset calibration point. At this point, plus or minus 
1/2 LSB, the output code will be either the true half scale 
reading of 7FFF/8000 (offset binary coding) or negative 
full scale 0000. This problem has been corrected with 
the HI7188A. 


Offset and Gain Adjust Limits 


Whenever a calibration mode is used, there are limits to the 
amount of offset and gain which can be adjusted. For both 
bipolar and unipolar modes the minimum and maximum 
input spans are 0.2 x Vper/GAIN and 1.2 x Vpaer/GAIN 
respectively. In the unipolar mode the offset plus the span 
cannot exceed the 1.2 x VreF/GAIN limit. So, if the span is 
at its minimum value of 0.2 x Vper/GAIN, the offset must be 
less than 1 x VpeF/GAIN. In bipolar mode the span is equi- 
distant around the voltage used for the zero scale point. For 
this mode the offset plus half the span cannot exceed 1.2 x 
Vref/GAIN. If the span is at +0.2 x Vaer/GAIN, then the off- 
set can not be greater than +2 x Vaer/GAIN. 


Range Detection 


In addition to the calibration process, the converter detects over 
range above positive full scale and under range below minus 
full scale conditions. Over or under range detection affects the 
output data coding as described in the Data Coding section. 


Over range detection is identical for both bipolar and unipo- 
lar operation. Over range is detected by comparing the offset 
corrected filter output to the positive gain coefficient. If the 
current offset corrected filter value is greater than the posi- 
tive gain coefficient, an over range condition is detected. 


In unipolar mode, under range is detected by sampling the 
sign bit of the offset calibrated data. If the sign bit is logic 1, 
signifying a negative voltage, an under range condition exists. 


In bipolar mode, under range is detected by comparing the 
offset corrected filter output to the negative gain coefficient. 
lf the current offset corrected filter value is less than the neg- 
ative gain coefficient, an under range condition is detected. 


Data Coding 


The calibrated data can be obtained in one of various numerical 
codes depending on the bipolar/unipolar mode bit and the two’s 
complement coding bit. In bipolar mode, if the two’s comple- 
ment bit is high, the output is two’s complement. In bipolar 
mode, offset binary coding is used when the two’s complement 
coding bit is low. In unipolar mode, only binary coding is avail- 
able and the two’s complement coding bit is a don’t care. 


The output coding for the HI7188 is shown in Tables 4 and 5. 
Vzs represents the applied zero scale input during system 
offset calibration. Vprs represents the applied positive full 
scale input during system positive full scale calibration. 
VNeEs represents the applied negative full scale input during 
system negative full scale calibration. 
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TABLE 4. BIPOLAR MODE OUTPUT CODES (HEX) 


TWO’S 
COMPLEMENT OFFSET 
INPUT VOLTAGE CODE BINARY CODE 


TABLE 5. UNIPOLAR MODE DATA OUTPUT CODES (HEX) 


Vprs - 1.5 LSB 
VpFs/2 - 0.5 LSB 
Vzs + 5 LSB 


When the range detection logic determines an over range, 
the converter output will clamp at the >(Vpgs - 1.5 LSB) out- 
put as described in Tables 4 and 5. When the range detec- 
tion logic determines an under range, the converter output 
will clamp at the <(Vygfs + 0.5 LSB) output described in 
Table 4 or the <(Vzs + 0.5 LSB) output described in Table 5. 


Data RAM 


The Data RAM block is comprised of two 8 x 16 memory ele- 
ments which store conversion results after calibration and 
data coding. Two RAMs are required to allow a one channel 
scan buffer per logical channel. The user can only READ from 
the data RAM. For illustration, these elements are labeled 
RAMO and RAM1. The RAMs are configured such that when 
one is internally writable the other is readable via serial |/O. 
The following paragraphs describe the data RAM operation. 
Please refer to the Functional Block Diagram. 


) 


For example, from initialization, RAMO is writable, RAM1 is 
readable, EOS is inactive. Conversion completes on all 
active logical channels (RAMO stores conversion N data) 
and the EOS interrupt is generated. Internally, the microse- 
quencer switches RAMO to readable, RAM1 to writable. The 
user Can read the data RAM to obtain N conversion results, 
clearing the EOS interrupt. 


The next conversion N+1 completes on all active logical 
channels (RAM1 stores N+1 data). If a data RAM (RAMO 
containing N data) read has been completed before the N+1 
conversion scan has completed, RAM1 will switch to being 
readable and RAMO is writable. This is normal operation and 
no conversion results are lost. 


If the data RAM (RAMO containing N data) is not completely 
read before the N+1 conversion is completed, there are two 
possible results. 


1. The data RAM read has not been started (RAMO containing 
N data), EOS remains active low and the microsequencer 
will switch RAM1 to be readable and RAMO to be writable. 
This has the effect of overwriting conversion N with N+2. 


2. The data RAM (RAMO containing N data) read has been 
started but is not complete, the read pointer remains with 
RAMO and the write pointer remains with RAM1. This has 
the effect of overwriting conversion N+1 with N+2 before 
N+1 can be read, therefore conversion N+1 is lost. 


Clocking/Oscillators 


The master clock of the HI7188 can be supplied by either a 
crystal connected between the OSC; and OSCp pins as 
shown in Figure 13A or a CMOS compatible clock signal 
connected to the OSC, pin as shown in Figure 13B and 
floating the OSCo pin. The master clock is used by the inter- 
nal clock generator to derive the clock edges required for 
both analog and digital sections. The HI7188 is designed or 
a 3.6864MHz clock to maintain Line Noise Rejection. 


Crystal Operation 


Using a crystal to generate the clock, care must be taken to 
minimize any external stray capacitance/inductance seen by 
the OSC, and OSCp pins. If care is not taken, the feedback 
(crystal) loop noise will result in a non reliable master clock, 
which in turn, will produce erroneous conversion results. The 
crystal should be connected as close to the HI7188 device 
as physically possible. If you cannot meet these require- 
ments, we would recommend you use an External CMOS 
Clock instead of the crystal. 


External CMOS Clock Operation 


When driving the HI7188 with an external CMOS clock, the 
clock should never be turned off. If the clock is turned off, the 
device should be re-synchronized by resetting either manually 
via the RESET pin or by the following special software instruc- 
tions. If the device is not re-synchronized erroneous conver- 
sion results may be observed. The hardware reset will clear all 
registers and RAMs as defined in the data sheet. The software 
reset is achieved by either performing an I/O access of any 
calibration RAM or cycling the device through a sleep cycle. 


Calibration RAM Access 


To re-synchronize the conversion process the user may per- 
form an I/O access of any calibration RAM (read or write). 
When the user performs this I/O access the microsequencer 
stops the conversion process, resets the modulator, digital 
filter and waits until the I/O is complete. After the I/O is com- 
pleted the microsequencer automatically restarts the conver- 
sion process. 


Sleep Cycle 


Another method to re-synchronize the conversion process is 
to cycle the device through a sleep cycle. The user places 
the device in SLEEP mode by writing the SLP bit (CR<3>) of 
the Control Register to logic one. The microsequencer will 
stop the conversion process, reset the conversion pointer to 
logical channel one, clear the four line noise rejection filters 
and deactivate EOS. The serial interface, calibration/data 
RAMs, CR and CCR are not affected. 


To return from sleep mode the user changes the SLP bit 
from high to low. This restarts the conversion process begin- 
ning with logical channel 1. If line noise rejection (LNR) is 
enabled, it takes four complete scans (all eight channels) to 
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refill the four line noise rejection filters before an EOS inter- 
rupt. If LNR is not enabled, it takes one conversion scan of 
only the active channels before an EOS interrupt. Recalibra- 
tion is not required since the calibration RAMs are not 
effected by the sleep operation. 


X-3.6864MHz 


OSC, OSC 
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FIGURE 13A. Crystal Operation 
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FIGURE 13B. External CMOS clock operation 


Serial Interface 


The HI7188 has a flexible, synchronous serial communica- 
tion port to allow easy interfacing to most industry standard 
microcontrollers and microprocessors. The serial I/O is com- 
patible with most synchronous transfer formats, including 
both the Motorola 6805/11, SPI and Intel 8051 SSR proto- 
cols. The interface supports 2-wire transfers of reading and 
writing on a single bidirectional line (SDIO) or 3-wire trans- 
fers of writing on SDIO and reading on the SDO line. 


The Interface allows read/write access to the Control Regis- 
ter, Channel Configuration Registers, and Calibration RAMs. 
The interface allows read only access to the data RAM (refer 
to Table 7). The interface is byte organized with each register 
byte having a specific address. Single or multiple byte trans- 
fers are supported. In addition, the interface allows flexibility 
as to the byte and bit access order. That is, the user can 
specify MSB/LSB first bit positioning and can access bytes 
in ascending/descending order from any byte position. 


Serial Interface Clock 


The HI7188 supports two serial interface clock(SCLK) 
modes for all interface timing. This allows the greatest flexi- 
bility for different types of systems where the HI7188 can act 
either as master in the system (it provides the serial interface 
clock) or as slave (an external clock is provided to the 
HI7188). These two modes are defined as self clocking and 
external clocking respectively. Regardless of the clocking 
mode selected, all data is registered into the HI7188 on the 
rising edge of the SCLK while all data is driven out on the fall- 
ing edge of SCLK. The HI7188 interface is designed to work 
with clock stalling in either high or low state. The clock mode 
is determined by the logic level applied to the MODE pin. 


Synchronous Self Clocking 


The device in a self-clocking scheme if the MODE pin is 
high. This defines the SCLK pin as an output which provides 
the serial clock signal used for the transfer of all data to and 
from the HI7188. This self-clocking mode can be used with 


processors which allow an external device to clock their 
serial port. The frequency of SCLK is one eighth of the exter- 
nal crystal connected between the OSC; and OSCo pins. 
The HI7188 is designed for a 3.6864MHz crystal which sets 
SCLK to 460.8kHZz. 


Synchronous External Clocking 


The HI7188 is in a external clocking scheme if the MODE pin is 
low. This defines the SCLK pin as an input and an external 
clock must be provided to the SCLK pin. This external clocking 
mode is designed for direct interface to systems which provide 
a serial clock output which is synchronized to the serial data 
output. The maximum frequency of the external SCLK is 5MHz. 


Burst RAM Access 


The Data RAM, System Offset calibration RAM, System Posi- 
tive Full Scale Calibration RAM and System Negative Full 
Scale Calibration RAM can only be accessed in a continuous 
RAM “Burst”. RAM burst transfers are special instructions that 
perform a continuous data transfer for all bits of that RAM. 
That is, individual bytes of any RAM cannot be accessed with- 
out reading all of the bytes. See Table 7. Each transfer occurs 
such that the first word transferred corresponds to the first log- 
ical channel converted as specified in the Channel Configura- 
tion Register (CCR). The first byte transferred for each word is 
controlled by the RB bit of the instruction byte and the bit posi- 
tion is determined by the Control Register (CR) MSB/LSB bit. 
The number of words transferred is specified by the CR bits 
that describe the number of logical channels being converted 
as well as the size of the destination RAM. This transfer mode 
reduces the overhead of multiple IR writes as compared to 
individual byte access. The following two examples are useful 
in understanding the RAM burst transfer instructions. 


Example 1. The physical channel conversion order as spec- 
ified by the CCRs is 8, 2, 3, 4, 5, 6, 1, 7. The HI7188 is setup 
via the Control Register to convert 8 logical channels. The IR 
byte written is 0xx11100 (read the data RAM). The following 
occurs: After completing the IR write, 16 bytes of data will be 
transferred from the HI7188. The first byte transferred will be 
the most significant byte of the physical channel 8 conver- 
sion results. The second byte will be the least significant 
byte of the physical channel 8 conversion results. This pat- 
tern of most significant byte followed by least significant byte 
will repeat, in order for physical channels 2, 3, 4, 5, 6, 1, 7. 


Example 2. The physical channel conversion order as spec- 
ified by the CCRs is 8, 2, 3, 4, 5, 6, 1, 7. The HI7188 is setup 
via the Control Register to convert only 3 logical channels. 
The IR byte written is 1xx01101 (write the offset RAM). The 
following occurs: After completing the IR write, 9 bytes of 
data will be written to the offset RAM (recall that the Offset 
Calibration register is 3 bytes wide). The first byte is the least 
significant byte used for offset calibration of physical channel 
8. The second byte will be the middle byte used for offset 
calibration of physical channel 8. The third byte will be the 
most significant byte used for offset calibration of physical 
channel 8. This pattern of least significant byte to most sig- 
nificant byte will repeat for all logical channels converted in 
the logical channel order as described above. For example, 
the last byte transferred will be the most significant byte of 
physical channel 3 used for offset calibration. 
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NOTE: When the user accesses the calibration RAMs, via the Serial 
Interface, the conversion process stops, resetting the modulator, in- 
tegrating filter and clearing the EOS interrupt. When the calibration 
RAM 1/O operation is completed the device automatically restarts be- 
ginning on logical channel 1. The contents of the CR and CCR are 
not affected by this 1/O. 


Detailed Register Descriptions 


Instruction Register 


The instruction register is an 8 bit register which is used dur- 
ing a communications cycle for setting up read/write opera- 
tions. Below are the bit assignments. 


INSTRUCTION REGISTER (BYTE) 


R/W - Bit 7 of the Instruction Byte determines whether phase 
2 of the communication cycle will be a read or write opera- 
tion. If R/W is logic 1, a write transfer will occur in phase 2 of 
the communication cycle. If R/W is logic 0, a read transfer 
will occur in phase 2 of the communication cycle. 


NB1, NBO - Bits 6 and 5 of the Instruction Byte determine the 
number of bytes that will be transferred during phase 2 of a 
communication cycle, if a register is selected for I/O access. If a 
RAM is selected for |O access, these bits are don’t care. Any 
number of bytes from 1 to 4 is allowed. See Tables 6 and 7. 


TABLE 6. MULTIPLE BYTE ACCESS BITS 


a 
ce 


RB - Bit 4 is used to determine the byte order when accessing 
a RAM address. When accessing a RAM address, if RB = 1, 
the data format is most significant byte first to least significant 
byte. When accessing a RAM address, if RB = 0, the data for- 
mat is least significant byte first to most significant byte. When 
accessing a register address, this bit is a don’t care. 


A3, A2, A1, AO - Bits 3 and 2 (A3 and A2) of the Instruction 
Byte determine which of the three internal registers will be 
accessed or if both bits are set (11b), that a RAM access is 
active. For register addresses, bits 1 and 0 (A1 and AO) 
determine which byte of that register will be accessed first. 
For RAM access (A3 = 1, A2 = 1), bits 1 and 0 (A1 and AO) 
determine which RAM is the source or destination. 


TABLE 7. INTERNAL REGISTER ADDRESS 


DESCRIPTION 


| O14 | 00 | 0000 |CR, start byte 0, 1 byte transfer 
0000 |CR, start byte 0, 2 byte transfer 
| o/1 | 00 | 0001 |CR, start byte 1, 1 byte transfer 
0001 {|CR, start byte 1, 2 byte transfer 
| o/1 | 00 | 0100 |CCR #1, start byte 0, 1 byte transfer 


TABLE 7. INTERNAL REGISTER ADDRESS (Continued) 


NB1, 
NBO 
IR [6:5] DESCRIPTION 


For [00 | 0101 [CORA sane 11 bye rersor 
[on [ 00 | 0170 00m #1, star’byte2, 1 byt vanstor 
fon [ee [eins [oor ete 3 eras 

mn 


1100 |Data RAM burst transfer, least signifi- 
cant byte first, READ ONLY 

1100 |Data RAM burst transfer, most signifi- 
cant byte first, READ ONLY 

1101 | Offset RAM burst transfer, least signif- 
icant byte first. 

1101 | Offset RAM burst transfer, most sig- 
nificant byte first. 

1110 | Positive full scale RAM burst transfer, 
least significant byte first. 

1110 | Positive full scale RAM burst transfer, 
most significant byte first. 

1111 | Negative full scale RAM burst trans- 
fer, least significant byte first. 

1111 Negative full scale RAM burst trans- 
fer, most significant byte first. 


0/1 
0/1 
0/1 
0/1 


= 


co) oO < 
=k a 


0/1 
0/1 


0/1 


EE : 
Sas _— 
— — 
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Control Register 


The Control Register (CR) is 16 bits wide and contains infor- 
mation that determines operating mode and the system/chip 
level configuration. This configuration applies to all logical 
channels and cannot be modified at the channel level. Fol- 
lowing are the bit assignments: 


CONTROL REGISTER BYTE 1 
mete [e[e[a[ [> [s 
crs [ve [fewer] se [unm [rs | to 


CONTROL REGISTER BYTE 0 


T3, T2, T1 - Bits 15, 14 and 13 are reserved and MUST 
always be logic zero for normal operation. These bits are low 


after RESET is applied. 


CHOP. Bit 12 is the active low chop bit used to determine 
whether the chopper stabilized amplifier is used or 
bypassed. This bit is low (chop on) after RESET is applied. 


SE. Bit 11 is the active high suppress EOS bit. If high, the 
EOS interrupt will not go active when any logical channel is 
in calibration mode. If this bit is high and no logical channels 
are in the calibration mode, or this bit is low, EOS functional- 
ity is as previously described. This bit allows the user to sup- 
press false EOS interrupts during calibration. Only logical 
channels that are actively being converted are considered. 
That is, if only two logical channels are being converted but 
the CCR byte for a non active logical channel is in a calibra- 
tion mode, the EOS functionality is active. This bit is low 
(suppress EOS off) after RESET is applied. 


LNR. Bit 10 is the active high line noise rejection(LNR) bit. If 
high LNR is selected. This bit is low (LNR off) after RESET is 
applied. 


FS. Bit 9 is the 50HZ/60Hz frequency select bit. If bit 9 is 
high, the clock generation logic synchronizes conversions for 
proper rejection of 50Hz line noise. If bit 9 is low, the clock 
generation logic synchronizes conversions for proper rejec- 
tion of 60Hz line noise. This bit is low (60Hz LNR) after 
RESET is applied. 


TC. Bit 8 is the active high two’s complement bit used to select 
between 2’s complementary and offset binary data coding for 
bipolar mode. In bipolar mode, a high selects two’s comple- 
ment; when low data is offset binary. Note that in unipolar 
mode the binary data coding is not affected by the TC bit. This 
bit is low (offset binary data) after RESET is applied. 


N2, N1, NO. Bits 7, 6 and 5 are the bits that specify the number 
of active logical channels to be converted. See Table 8. These 
bits are low (one active channel) after RESET is applied. 


TABLE 8. NUMBER OF CONVERSION CHANNELS 


N2, N1, NO CR [7:5] | NUMBER OF CHANNELS TO CONVERT 


TP - Bit 4 is the active high two point calibration bit. When 
high, the positive gain slope factor is used for both positive 
and negative voltages. This bit is low (normal three point cal) 
after RESET is applied. 


SLP - Bit 3 is the active high sleep mode bit used to put the 
device in a low power/standby mode. When high, conversion 
stops and the conversion pointer is reset to logical channel 
1. The four line noise rejection filters are cleared and EOS is 
deactivated. The serial interface, calibration/data RAMs, CR 
and CCR are not affected. 


To return from sleep mode the user changes this bit from 
high to low. This restarts the conversion process beginning 
with logical channel 1. If line noise rejection is enabled, it 
takes four complete scans (all active channels) to refill the 
four line noise rejection filters before an EOS interrupt. If line 
noise rejection not enabled, it takes 1 complete scan before 
an EOS interrupt. 


This bit is low (sleep mode off) after RESET is applied. 


BD. Bit 2 is the byte direction bit used to determine either 
ascending or descending order access for multi-byte trans- 
fers. When high, ascending order is enabled. When low, 
descending order is enabled. This bit is low (descending 
order) after RESET is applied. 


MSB. Bit 1 bit direction bit used to select whether a serial 
data transfer is MSB or LSB first. When low, MSB first mode 
is enabled while high selects LSB first. This bit is low (MSB 
first) after RESET is applied. 


SDL. Bit 0 selects a two-wire or three-wire transfer protocol of 
the serial interface. When low, two-wire data transfers are done 
using the SDIO pin. Both data in and out of the part is uses the 
by-directional SDIO pin. When high, three-wire data transfers 
are done using the SDIO and SDO pins. Data into the part uses 
the SDIO pin while data out uses the SDO pin. This bit is low 
(two-wire, SDIO exclusively) after RESET is applied. 


Channel Configuration Registers 


The HI7188 Channel Configuration Registers (CCR) comprise 
a 64-bit memory element that defines the logical channel con- 
version order as well as each logical channel specific data such 
as physical channel address, mode, gain, and bipolar/unipolar 
operation. The 64 bits are divided into two 32 bit register blocks 
referred to as CCR#2 and CCR#1. Each register contains four 
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bytes pertaining to four logical channels. The register may be 
accessed 1, 2, 3 or 4 bytes at a time. Please refer to Table 10 to 
determine physical address assignments within the CCR and 
Table 9 for logical channel assignment. The physical channel 
conversion order is defined based on it’s location in the CCR 
blocks. For example, if the CCR #2 <31:24> is set with the 
CCR <2:0> = 100, then physical channel 5 will be converted 
first. The CCR is byte wide accessible via the Serial Interface 
allowing the user to change the individual logical channel con- 
figuration on the fly. Following are the bit assignments. 


TABLE 9. CHANNEL CONFIGURATION REGISTER 


BIT 
BLOCK LOCATION DESCRIPTION 


CCR #2 1st Logical Channel 
CCR #2 <23:16> 2nd Logical Channel 


CHANNEL CONFIGURATION REGISTER (BYTE) 


eta | ont | ono | ear | wor | woo] ot | 60 | 


CH2, CH1, CHO - Bits 7, 6, 5 of the channel configuration byte 
determine which physical inputs are used as shown in Table 10. 


TABLE 10. ACTIVE CHANNEL DECODE 


NE 


B/U - Bit 4 of the channel configuration byte determine bipo- 
lar or unipolar mode. If Logic 1, bipolar mode is selected 
while logic 0 selects unipolar mode. 


MD1, MDO - Bit 3 and 2 of the channel configuration byte are 
the channel Mode bits. This defines the mode of operation 
for that logical channel, please see Table 11. All calibration 
modes automatically return to conversion mode after calibra- 
tion is complete. 


TABLE 11. HI7188 OPERATIONAL MODES 


wor [_o0_[ OPERATIONAL MODE _ 
a 
[0 [1 [Sistem onset Catbraton 
[1 [0 [System Positive Ful Scale Catoraton 


G1, GO - Bit 1 and 0 defines the PGIA gain of 1, 2, 4 or 8. 
Please refer to Table 12. 


TABLE 12. CHANNEL GAIN 


Gi, GO CCR [1:0] PGIA CHANNEL GAIN 


Serial Interface Pin Description 


The serial I/O port is a bidirectional port which is used to 
read and write the internal registers. The port contains two 
data lines, a synchronous clock, and two status flags. 
Figure 14 shows a diagram of the serial interface lines. 


DATA OUT 


BIDIRECTIONAL 
DATA 


PORT CLOCK 
CHIP SELECT 
END OF SCAN 


HI7188 


CALIBRATION 
ACTIVE 


CLOCK MODE 
RESET VO 


FIGURE 14. HI7188 SERIAL INTERFACE 


SDO - Serial Data Out. Data is read from this line using those 
protocols with separate lines for transmitting and receiving 
data. An example of such a standard is the Motorola Serial 
Peripheral Interface (SPI) using the 68HCO5 and 68HC11 
family of microcontrollers, or other similar processors. In the 
case of using bidirectional data transfer on SDIO, the SDO 
does not output data and is set in a high impedance state. 


SDIO - Serial Data In or Out. Data is always written to the 
device on this line. However, this line can be used as a bidi- 
rectionai data line. This is done by properly setting up the 
Control Register. Bidirectional data transfer on this line can 
be used with Intel standard serial interfaces (SSR, Mode 0) 
in MCS51 and MCS96 family of microcontrollers, or other 
similar processors. 


SCLK - Serial Clock. The serial clock pin is used to synchro- 
nize data to and from the HI7188 and to run the port state 
machines. In Synchronous External Clock Mode, SCLK is 
configured as an input, is supplied by the user, and can run up 
to a 5MHz rate. In Synchronous Self Clocking Mode, SCLK is 
configured as an output and runs at OSC,/8 = 460.8kHz. 
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CS-Chip Select. This signal is an active low input that 
allows more than one device on the same serial communica- 
tion lines. The SDO and SDIO will go to a high impedance 
state when this signal is high. If driven high during any com- 
munication cycle, that cycle will be suspended until CS reac- 
tivation. Chip select can be tied low in systems that maintain 
control of SCLK. 


EOS - End Of Scan. Signals the end of a logical channel 
scan (all programmed logical channels have been con- 
verted) and data is available for reading. EOS is useful as an 
edge or level sensitive interrupt signal to a microprocessor or 
microcontroller. EOS low indicates that new data is available 
and the Data RAM can be read. EOS will return high upon 
completion of a complete Data RAM read cycle. Please refer 
to the Data RAM section for details. 


CA - Calibration Active. This pin is high if any active logical 
channel is in the calibration mode and stays high for the 
entire scan period. CA checks only those channels that are 
actively being converted on. For example, if the HI7188 is 
programmed to convert only two channels and any of the 
CCR bytes of the six nonactive channels are in the calibra- 
tion mode, CA will NOT go active. The user can monitor the 
CA output to determine when all active channels have com- 
pleted calibration. 


MODE - Mode. This input is used to select between Syn- 
chronous Self Clocking Mode (high) or the Synchronous 
External Clocking Mode (low). 


RSTI/O - Reset I/O. This active low asynchronous input is 
used to reset the serial interface state machine. This reset 
only affects the I/O logic and does not affect the Control Reg- 
ister, Channel Configuration Register or Calibration RAMs. 
This effectively aborts any communication cycle and places 
the device in a standby mode awaiting the next IR cycle. 


Serial Interface Communication 


It is useful to think of the HI7188 interface in terms of communi- 
cation cycles. Each communication cycle happens in 2 phases. 
The first phase is the writing of an instruction byte while the 
second phase is the data transfer as described by the instruc- 
tion byte. It is important to note that phase 2 of the communica- 
tion cycle can be a single byte or a multi-byte transfer of data 
including a Burst RAM read/write. It is up to the user to maintain 
synchronism with respect to data transfers. If the system pro- 
cessor “gets lost’, during an I/O operation, the only way to 
recover is to reset the Serial Interface via a RSTI/O. Figure 15 
shows both a 2-wire and a 3-wire data transfer. 


Instruction Byte Phase 


The instruction byte phase initiates a data transfer 
sequence. The processor writes an eight bit byte to the 
“Instruction Register’, known as the “Instruction Byte”. The 
instruction byte informs the HI7188 about the Data cycle 
phase activities and includes the following information: 


e Read or Write Cycle 
¢ Number of Bytes to be Transferred 
e Which Register and Starting Byte to be Accessed 


Data Cycle Phase 


In the data cycle phase, data transfer takes place as defined 
by the Instruction Register Byte. See Write Operation and 
Read Operation sections for detailed descriptions. It is 
important to note that phase 2 of the communication cycle 
can be a multi-byte transfer of data. 


For example, the 4 byte Channel Configuration register can be 
read using one multi-byte communication cycle rather than four 
single byte communication cycles. After phase 2 is completed 
the HI7188 I/O logic enters a standby mode while waiting to 
receive a new instruction byte. It is up to the user to maintain 
synchronism with respect to data transfers. If the system pro- 
cessor “gets lost’ the only way to recover is to reset the HI7188. 


Serial Interface Format 


Several formats are available for reading from and writing to 
the HI7188 registers in both the 2-wire and 3-wire protocols. 


Please refer to Figure 15. A portion of these formats is con- 
trolled by the CR<2:1> (BD and MSB) bits which control the 
byte direction and bit order of a data transfer respectively. 
These two bits can be written in any combination but only 
the two most useful will be discussed here. The first combi- 
nation is to reset both the BD and MSB bits (BD = 0, 
MSB = 0). This sets up the interface for descending byte 
order and MSB first format. When this combination is used 
the user should always write the instruction register such 
that the starting byte is the most significant byte address. For 
example, read three bytes of data starting with the most sig- 
nificant byte. The first byte read will be the most significant in 
MSB to LSB format. The next byte will be the next least sig- 
nificant (recall descending byte order) again in MSB to LSB 
order. The last byte will be the next lesser significant byte in 
MSB to LSB order. THE ENTIRE WORD WAS READ MSB 
TO LSB format. The second combination is to set both the 
BD and MSB bits to 1. This sets up the interface for ascend- 
ing byte order and LSB first format. When this combination is 
used the user should always write the instruction register 
such that the starting byte is the least significant byte 
address. For example, read three bytes of data starting with 
the least significant byte. The first byte read will be the least 
significant in LSB to MSB format. The next byte will be the 
next greater significant (recall ascending byte order) again in 
LSB to MSB order. The last byte will be the next greater sig- 
nificant byte in LSB to MSB order. THE ENTIRE WORD 
WAS READ LSB TO MSB format. After completion of each 
communication cycle, The HI7188 interface enters a standby 
mode while waiting to receive a new instruction byte. 


a : — 


INSTRUCTION | 
BYTE ; 
| 

DATA DATA DATA 
l 

INSTRUCTION | BYTE 1 BYTE 2 BYTE 3 

CYCLE 
| 
; DATA CYCLE 


FIGURE 15. 3-WIRE, 3 BYTE READ TRANSFER 
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Die Characteristics 


DIE DIMENSIONS: 


215 mils x 257 mils 
(5466um x 6536um) 


METALLIZATION: 


Type: AlSiCu 
Thickness: Metal 2 16kA 
Metal 1 6kA 


SUBSTRATE POTENTIAL: 
AVss 


Metallization Mask Layout 


| 
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HI7188 


PASSIVATION: 


Type: Sandwich 
Nitride Thickness: 8kA 
USG Thickness: 1kA 


WORST CASE CURRENT DENSITY: 
<2.0 x 10° A/cm? 


PROCESS: 
HBCIO 


HI7188 
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HARRIS HI7190 


24-Bit, High Precision, 


aD 


August 1997 Sigma Delta A/D Converter 
Features Description 
* 22-Bit Resolution with No Missing Code The Harris HI7190 is a monolithic instrumentation, sigma 
¢ 0.0007% Integral Non-Linearity (Typ) delta A/D converter which operates from +5V supplies. Both 
¢ 20mV to +2.5V Full Scale Input Ranges the signal and reference inputs are fully differential for maxi- 


; . mum flexibility and performance. An internal Programmable 
* EILOMIEL PIA Wills Sallis OF) 16 128 Gain Instrumentation Amplifier (PGIA) provides input gains 
* Serial Data I/O Interface, SP! Compatible from 1 to 128 eliminating the need for external pre-amplifiers. 
¢ Differential Analog and Reference Inputs The on-demand converter auto-calibrate function is capable 
* Internal or System Calibration of removing offset and gain errors existing in external and 

he ; : internal circuitry. The on-board user programmable digital filter 
* -120dB Rejection of 60/S0Hz Line Noise provides over -120dB of 60/50Hz noise rejection and allows 
¢ Settling Time of 4 Conversions (Max) for a Step Input fine tuning of resolution and conversion speed over a wide 


; j dynamic range. 
Applications . ? 


+ Bineasa Conical and Maamement The HI7190 contains a serial I/O port and is compatible with 


most synchronous transfer formats including both the Motor- 


* Industrial Weight Scales ola 6805/11 series SPI and Intel 8051 series SSR protocols. 
e Part Counting Scales A sophisticated set of commands gives the user control over 
¢ Laboratory Instrumentation calibration, PGIA gain, device selection, standby mode, and 


several other features. The On-chip Calibration Registers 


¢ Motion Control allow the user to read and write calibration data. 


e Seismic Monitoring 


Magnetic Field Monitoring Ordering Information 
Intruder Detection 


e Medical Patient Monitoring 

Additional Reference Literature 

- AN9504 “A Brief Intro to Sigma Delta Conversion” 
- TB329 “Harris Sigma Delta Calibration Technique” 
- AN9505 “Using the HI7190 Evaluation Kit” 

TB331 “Using the HI7190 Serial interface” 

- AN9527 “Interfacing HI7190 to a Microcontroller” 
AN9532 “Using HI7190 in a Multiplexed System” 

- AN9601 “Using HI7190 with a Single +5V Supply” 


-40 to 85 20 Ld PDIP F 
H!I71901B -40 to 85 20 Ld SOIC M20.3 
HI7190EVAL Evaluation Kit 


Pinout 


HI7190 
(PDIP, SOIC) 
TOP VIEW 


A/D CONVERTERS 
SIGMA DELTA 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 361 2.4 
Copyright © Harris Corporation 1997 7.05 
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Functional Block Diagram 


VRHI VRLO 


REFERENCE 
INPUTS 


TRANSDUCER 
BURN-OUT 


( ) CURRENT T-A 
MODULATOR 


DIGITAL FILTER 


CONTROL AND SERIAL INTERFACE UNIT 


SERIAL INTERFACE 


CLOCK CONTROL REGISTER 
GENERATOR 


OSC, OSC» DRDY RESET SYNC CS MODE Scik SDIO SDO 


Typical Application Schematic 


OSC; OSCz 
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Absolute Maximum Ratings Thermal Information 
Supply Voltage Thermal Resistance (Typical, Note 1) Oya (°C/W) 
Pian 10 AGI «ooo cei b 0428 Hee ese se ee ae eee ERE ee +5.5V PDIP Package ...... 0... ccc cece cece eeees 125 
PVGe1O AGND 5 i csiavosacsanvsessnanseeceascannns -5.5V SOIC Package. ....... 0... e cece eee eee eee 100 
OV GND, 6 os cd whee oe dwie ee whine aE Ne Ee Reo e RR +5.5V Maximum Junction Temperature 
DGND toAGND ...... 6... eee eee ee ee eee ee. +0.3V Plastic Packages ....-....c000seucenusescvieunvess 150°C 
Analog Input Pins ......... 2... 0-0 sees sneer ee AVss to AVppD ~— Maximum Storage Temperature Range .......... -65°C to 150°C 
Digital Input, Output and I/O Pins............... DGND toDVpp ~=— Maximum Lead Temperature (Soldering, 10s) ............ 300°C 
ESD Tolerance (No Damage) (SOIC - Lead Tips Only) 
Fuman Body Model ...cccccccnsacecunsasasantawaass 500V 
Cn MOUS) isos eka ee wees ys 6s ened sob ee as +100V 
Charged Device Model............... 20. e eevee eee 1000V 


Operating Conditions 
Temperatura RANG... 256s saeaecenanwdecas -40°C to 85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications AVpp = +5V, AVsg = -5V, DVpp = +5V, Vani = +2.5V, VRLo = AGND = OV, Voy = AGND, 
PGIA Gain = 1, OSC), = 10MHz, Bipolar Input Range Selected, fry = 10Hz 


PARAMETER TEST CONDITIONS | MIN | TYP | MAX | UNITS 
SYSTEM PERFORMANCE 
End Point Line Method (Notes 3, 5, 6) po +0.0007|  +0.0015 


Integral Non-Linearity, INL 


Differential Non-Linearity (Note 2) No Missing codes to 22-Bits 
Offset Error, Vos e Tables 1A and 1B a ae 


Offset Error Drift uVv/ °C 
Full Scale Error, FSE 


ViINHI = VINLO (Notes 3, 8) 
VINHI - VINLO = +2.5V (Notes 3, 5, 8, 10 


Common Mode Rejection Ratio, CMRR] Vow = OV, VinHi = VINLO from -2V to +2V 
Filter Notch = 10Hz, 25Hz, 50Hz (Note 2) 
Filter Notch = 10Hz, 30Hz, 60Hz (Note 2) 


-120 
-120 


Normal Mode 50Hz Rejection 


Normal Mode 60Hz Rejection 
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Step Response Settling Time 
ANALOG INPUTS 
Input Voltage Range 


Unipolar Mode (Note 9) 
Bipolar Mode (Note 9) 
(Note 2) 


VREF 


Input Voltage Range 


- VREF VREF 


Common Mode Input Range 


Input Leakage Current, lin 


=< 
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< 
S) 
e) 


(Note 2) 


or 
oO 
aa 


Input Capacitance, Cijy 


Reference Voltage Range, Vrer 
(VREF = VRHI- VRLO) 
Transducer Burn-Out Current, Igo 
CALIBRATION LIMITS 
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Vrer/Gain 


V_ 


Vref/Gain 
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Vr_er/Gain 


Offset Calibration Limit 12 


2.4(Vper/Gain) 


Input Logic Current, |; Vin = OV, +5V LC + 
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Electrical Specifications AVpp = +5V, AVss = -5V, DVpp = +5V, VaHi = +2.5V, Va_o = AGND = OV, Voy = AGND, 
PGIA Gain = 1, OSC), = 10MHz, Bipolar Input Range Selected, fy = 10Hz (Continued) 


PARAMETER TEST CONDITIONS | MIN. =| TYP | = MAX UNITS 


DIGITAL OUTPUTS 


Output Three-State Leakage Current, | Vout = OV, +5V (Note 7) -10 1 10 LA 
loz 
ae aa 


TIMING CHARACTERISTICS 


SCLK Minimum Cycle Time, tscik 


pe) 
oO 
oO 
= 


SCLK Minimum Pulse Width, tsc_LKkpw 
CS to SCLK Precharge Time, tppe 
DRDY Minimum High Pulse Width (Notes 2, 7) 


Data Setup to SCLK Rising Edge 
(Write), tosu 


Data Hold from SCLK Rising Edge 
(Write), tpHLp 

Data Read Access from Instruction (Note 7) 
Byte Write, tacc 

Read Bit Valid from SCLK Falling Edge, | (Note 7) 
tov 


Last Data Transfer to Data Ready (Note 7) 
Inactive, tORDY 


RESET Low Pulse Width 
SYNC Low Pulse Width 
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Oscillator Clock Frequency MHz 


Output Rise/Fall Time 
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Input Rise/Fall Time 
POWER SUPPLY CHARACTERISTICS 


nat 


NOTES: 


. 8ja is measured with the component mounted on an evaluation PC board in free air. 
. Parameter guaranteed by design or characterization, not production tested. 

. Applies to both bipolar and unipolar input ranges. 

These errors can be removed by re-calibrating at the desired operating temperature. 
. Applies after system calibration. 

. Fully differential input signal source is used. 

See Load Test Circuit, Figure 10, R1 = 10kQ, C, = 5OpF. 

. 1 LSB = 298nV at 24 bits for a Full Scale Range of 5V. 

- VreF = VRHI- VALO 

. These errors are on the order of the output noise shown in Table 1. 

. All inputs except OSC. The OSC, input Viy is 3.5V minimum. 
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Timing Diagrams 


SCLK 


SDIO 1ST BIT 2ND BIT 
| 


FIGURE 1. DATA WRITE TO HI7190 


cs aan = 
SCLK 
SDIO ~ 
1ST BIT 2ND BIT 
SsDO 
FIGURE 2. DATA READ FROM HI7190 
cr 
ui << 
e 
7 TT 
—+> | tDRDY1~— > a 
1 \ 2a 
—— 1 \ O= 
DRDY eRe) 
| S 72) 


FIGURE 3. DATA READ FROM HI7190 
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Pin Descriptions 


20 LEAD 
DIP, SOIC DESCRIPTION 
SCLK Serial Interface Clock. Synchronizes serial data transfers. Data is input on the rising edge and output on the 
falling edge. 
SDO 


Serial Data OUT. Serial data is read from this line when using a 3-wire serial protocol such as the 
Motorola Serial Peripheral Interface. 


Serial Data IN or OUT. This line is bidirectional programmable and interfaces directly to the Intel Standard Serial 
Interface using a 2-wire serial protocol. 


Chip Select Input. Used to select the HI7190 for a serial data transfer cycle. This line can be tied to DGND. 
DRDY An Active Low Interrupt indicating that a new data word is available for reading. 


a 
es 


a re External Reference Input. Should be positive referenced to Vp o. 
Common Mode Input. Should be set to halfway between AVpp and AVss. 


Analog Input HI. Positive input of the PGIA. The Vjjjyy input is connected to a current source that can be used to check 
the condition of an external transducer. This current source is controlled via the Control Register. 


Positive Analog Power Supply (+5V). 

AGND Analog Supply Ground. 

Positive Digital Supply (+5V). 

Used to connect a crystal source between OSC, and OSCp. Leave open otherwise. 


iF OSC, Oscillator Clock Input for the device. A crystal connected between OSC, and OSCo will provide a clock to the 
device, or an external oscillator can drive OSC. The oscillator frequency should be 10MHz (Typ). 


RESET | Active Low Reset Pin. Used to initialize the HI7190 registers, filter and state machines. 


Active Low Sync Input. Used to control the synchronization of a number of HI7190s. A logic ‘0’ initializes the converter. 


20 Mode Pin. Used to select between Synchronous Self Clocking (Mode = 1) or Synchronous External Clocking 
(Mode = 0) for the Serial Port. 


Load Test Circuit 


V4 


Ry 
DUT 
C, (INCLUDES STRAY 
be CAPACITANCE) 
FIGURE 4. 
ESD Test Circuits 
Ry R2 HUMAN BODY 
Cesp = 100pF CHARGED DEVICE MODEL 
R, = 10MQ aero ipeacaa eee 
Ro = 1.5kQ ni ~ a 
V Cesp DUT * 2 oil 
MACHINE MODEL eLearn 
Cesp = 200pF DIELECTRIC 
\/ R, — 10MQ 
Ro = 02 
FIGURE 5A. FIGURE 5B. 


7-30 


HI7190 


TABLE 1A. PEAK-TO-PEAK NOISE AND ENOB FOR VARIOUS GAINS AND CONVERSION FREQUENCIES 


INPUT CUTOFF p-p p-p p-p p-p 
CONVERSION | FREQUENCY NOISE | NUMBER} NOISE | NUMBER} NOISE | NUMBER] NOISE | NUMBER 
RATE (fy) (-3dB, fs) (uv) | OFBITS| qv) | oFBITsS| (qv) | oFBITS] (uv) | OFBITS 


TABLE 1A. PEAK-TO-PEAK NOISE AND ENOB FOR VARIOUS GAINS AND CONVERSION FREQUENCIES (Continued) 


p-P 


INPUT CUTOFF P-P P-P P-P 
CONVERSION | FREQUENCY NOISE | NUMBER] NOISE | NUMBER] NOISE | NUMBER] NOISE | NUMBER 
RATE (fy) (-3dB, fs) (wv) | OF BITS | (uv) | OF BITS] (uv) | OF BITS} (uv) | OF BITS 


a9 


| 16.9 


TABLE 1B. RMS INPUT REFERRED NOISE FOR VARIOUS GAINS AND CONVERSION FREQUENCIES 


INPUT CUTOFF RMS RMS RMS RMS RMS RMS RMS RMS 
CONVERSION FREQUENCY NOISE | NOISE NOISE NOISE NOISE NOISE NOISE NOISE 
RATE (fx) (-3B, fs) (nV) (uV) (nV) (uV) (iV) (1V) (uV) (uV) 
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Definitions 


Integral Non-Linearity, INL, is the maximum deviation of 
any digital code from a straight line passing through the end- 
points of the transfer function. The endpoints of the transfer 
function are zero scale (a point 0.5 LSB below the first code 
transition 000...000 and 000...001) and full scale (a point 0.5 
LSB above the last code transition 111...110 to 111...111). 


Differential Non-Linearity, DNL, is the deviation from the 
actual difference between midpoints and the ideal difference 
between midpoints (1 LSB) for adjacent codes. If this differ- 
ence is equal to or more negative than 1 LSB, a code will be 
missed. 


Offset Error, Vos, is the deviation of the first code transition 
from the ideal input voltage (Vix, - 0.5 LSB). This error can 
be calibrated to the order of the noise level shown in Table 1. 


Full Scale Error, FSE, is the deviation of the last code 
transition from the ideal input full scale voltage 
(Vin- + Vaeg/Gain - 1.5 LSB). This error can be calibrated 
to the order of the noise level shown in Table 1. 


Input Span, defines the minimum and maximum input 
voltages the device can handle while still calibrating properly 
for gain. 


Noise, ey, Table 1 shows the input referred peak-to-peak 
and RMS noise for some typical notch and -3dB frequencies. 
The numbers given are for the bipolar input ranges with a 
Veer of +2.5V which means the input range is +2.5V. 
Measurements are taken for 100 conversions with the peak- 
to-peak output noise being the difference between the 
maximum and minimum readings over the 100 conversions. 


Table 1A shows the output peak-to-peak noise of the device 
while Table 1B shows the RMS output noise referred back to 
the input. The RMS input referred noise data is calculated by 
converting the peak-to-peak numbers to RMS values by 
dividing by a crest factor of 6.6, and then dividing that result 
by the gain of the HI7190. Finally, the Effective Number of 
Bits (ENOB) or effective resolution is calculated by taking the 
logo (5V/RMS output noise). 


The noise from the part comes from two sources, the 
quantization noise from the analog-to-digital conversion pro- 
cess and device noise. Device noise (or Wideband Noise) is 
independent of gain and essentially flat across the frequency 
spectrum. Quantization noise is ratiometric to input full scale 
(and hence gain) and its frequency response is shaped by 
the modulator. 


Looking at Tables 1A and 1B, as the cutoff frequency 
increases the output noise increases. This is due to more 
of the quantization noise of the part coming through to the 
output and, hence, the output noise increases with 
increasing -3dB frequencies. For the lower notch settings, 
the output noise is dominated by the device noise and, 
hence, altering the gain has little effect on the output noise. 
At higher notch frequencies, the quantization noise 
dominates the output noise and, in this case, the output 
noise tends to decrease with increasing gain. 


Since the output noise comes from two sources, the effective 
resolution of the device (i.e., the ratio of the input full scale to 
the output RMS noise) does not remain constant with 
increasing gain or with increasing bandwidth. It is possible to 
do post-filtering (Such as brick wall filtering) on the data to 
improve the overall resolution for a given -3dB frequency and 
also to further reduce the output noise. 


Circuit Description 


The HI7190 is a monolithic, sigma delta A/D converter which 
operates from +5V_ supplies and is_ intended for 
measurement of wide dynamic range, low frequency signals. 
It contains a Programmable Gain Instrumentation Amplifier 
(PGIA), sigma delta ADC, digital filter, bidirectional serial 
port (compatible with many industry standard protocols), 
clock oscillator, and an on-chip controller. 


The signal and reference inputs are fully differential for 
maximum flexibility and performance. Normally Vpay, and 
Veo are tied to +2.5V and AGND respectively. This allows 
for input ranges of 2.5V and 5V when operating in the unipo- 
lar and bipolar modes respectively (assuming the PGIA is 
configured for a gain of 1). The internal PGIA provides input 
gains from 1 to 128 and eliminates the need for external pre- 
amplifiers. This means the device will convert signals rang- 
ing from OV to +20mV and OV to +2.5V when operating in 
the unipolar mode or signals in the range of +20mV to +2.5V 
when operating in the bipolar mode. 


The input signal is continuously sampled at the input to the 
HI7190 at a clock rate set by the oscillator frequency and the 
selected gain. This signal then passes through the sigma 
delta modulator (which includes the PGIA) and emerges as 
a pulse train whose code density contains the analog signal 
information. The output of the modulator is fed into the sinc? 
digital low pass filter. The filter output passes into the 
calibration block where offset and gain errors are removed. 
The calibrated data is then coded (2’s complement, offset 
binary or binary) before being stored in the Data Output 
Register. The Data Output Register update rate is deter- 
mined by the first notch frequency of the digital filter. This 
first notch frequency is programmed into HI7190 via the 
Control Register and has a range of 10Hz to 1.953kHz which 
corresponds to -3dB frequencies of 2.62Hz and 512Hz 
respectively. 


Output data coding on the HI7190 is programmable via the 
Control Register. When operating in bipolar mode, data out- 
put can be either 2’s complement or offset binary. In unipolar 
mode output is binary. 


The DRDY signal is used to alert the user that new output 
data is available. Converted data is read via the HI7190 
serial I/O port which is compatible with most synchronous 
transfer formats including both the Motorola 6805/11 series 
SPI and Intel 8051 series SSR protocols. Data Integrity is 
always maintained at the HI7190 output port. This means 
that if a data read of conversion N is begun but not finished 
before the next conversion (conversion N + 1) is complete, 
the DRDY line remains active (low) and the data being read 
is not overwritten. 
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The HI7190 provides many calibration modes that can be 
initiated at any time by writing to the Control Register. The 
device can perform system calibration where external com- 
ponents are included with the HI7190 in the calibration loop 
or self-calibration where only the HI7190 itself is in the cali- 
bration loop. The On-chip Calibration Registers are 
read/write registers which allow the user to read calibration 
coefficients as well as write previously determined 
calibration coefficients. 


Circuit Operation 


The analog and digital supplies and grounds are separate 
on the HI7190 to minimize digital noise coupling into the 
analog circuitry. Nominal supply voltages are AVpp = +5V, 
DVpp = +5V, and AVss = -5V. If the same supply is used 
for AVpp and DVpp it is imperative that the supply is sepa- 
rately decoupled to the AVpp and DVpp pins on the 
H17190. Separate analog and digital ground planes should 
be maintained on the system board and the grounds should 
be tied together back at the power supply. 


When the HI7190 is powered up it needs to be reset by pull- 
ing the RESET line low. The reset sets the internal registers 
of the HI7190 as shown in Table 2 and puts the part in the 
bipolar mode with a gain of 1 and offset binary coding. The 
filter notch of the digital filter is set at 30Hz while the I/O is 
set up for bidirectional I/O (data is read and written on the 
SDIO line and SDO is three-stated), descending byte order, 
and MSB first data format. A self calibration is performed 
before the device begins converting. DRDY goes low when 
valid data is available at the output. 


TABLE 2. REGISTER RESET VALUES 


REGISTER VALUE (HEX) 


Data Output Register XXXX (Undefined) 


Control Register 28B300 


Offset Calibration Register Self Calibration Value 


Positive Full Scale Calibration Self Calibration Value 


Register 


Negative Full Scale Calibration | Self Calibration Value 


Register 


The configuration of the HI7190 is changed by writing new 
setup data to the Control Register. Whenever data is written 
to byte 2 and/or byte 1 of the Control Register the part 
assumes that a critical setup parameter is being changed 
which means that DRDY goes high and the device is re-syn- 
chronized. If the configuration is changed such that the 
device is in any one of the calibration modes, a new calibra- 
tion is performed before normal conversions continue. If the 
device is written to the conversion mode, a new calibration is 
NOT performed (A new calibration is recommended any time 
data is written to the Control Register.). In either case, DRDY 
goes low when valid data is available at the output. 


lf a single data byte is written to byte O of the Control 
Register, the device assumes the gain has NOT been 
changed. It is up to the user to re-calibrate the device if the 


gain is changed in this manner. For this reason it is 
recommended that the entire Control Register be written 
when changing the gain of the device. This ensures that the 
part is re-calibrated (if in a calibration mode) before the 
DRDY output goes low indicating that valid data is available. 


The calibration registers can be read via the serial interface 
at any time. However, care must be taken when writing data 
to the calibration registers. If the HI7190 is internally 
updating any calibration register the user can not write to 
that calibration register. See the Operational Modes section 
for details on which calibration registers are updated for the 
various modes. 


Since access to the calibration registers is asynchronous to 
the conversion process the user is cautioned that new 
calibration data may not be used on the very next set of 
“valid” data after a calibration register write. It is guaranteed 
that the new data will take effect on the second set of output 
data. Non-calibrated data can be obtained from the device 
by writing 000000 (h) to the Offset Calibration Register, 
800000 (h) to the Positive Full Scale Calibration Register, 
and 800000 (h) to the Negative Full Scale Calibration Regis- 
ter. This sets the offset correction factor to 0 and the positive 
and negative gain slope factors to 1. 


If several HI7190s share a system master clock the SYNC 
pin can be used to synchronize their operation. A common 
SYNC input to multiple devices will synchronize operation 
such that all output registers are updated simultaneously. Of 
course the SYNC pin would normally be activated only after 
each HI7190 has been calibrated or has had calibration 
coefficients written to it. 


The SYNC pin can also be used to control the HI7190 when 
an external multiplexer is used with a single HI7190. The 
SYNC pin in this application can be used to guarantee a max- 
imum settling time of 3 conversion periods when switching 
channels on the multiplexer. 


Analog Section Description 


Figure 6 shows a simplified block diagram of the analog 
modulator front end of a sigma delta A/D Converter. The 
input signal Vjjy comes into a summing junction (the PGIA in 
this case) where the previous modulator output is subtracted 
from it. The resulting signal is then integrated and the output 
of the integrator goes into the comparator. The output of the 
comparator is then fed back via a 1-bit DAC to the summing 
junction. The feedback loop forces the average of the fed 
back signal to be equal to the input signal Vj,\. 


PGIA INTEGRATOR COMPARATOR 


FIGURE 6. SIMPLE MODULATOR BLOCK DIAGRAM 
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Analog Inputs 


The analog input on the HI7190 is a fully differential input 
with programmable gain capabilities. The input accepts both 
unipolar and bipolar input signals and gains range from 1 to 
128. The common mode range of this input is from AVss to 
AVpp provided that the absolute value of the analog input 
voltage lies within the power supplies. The input impedance 
of the HI7190 is dependent upon the modulator input sam- 
pling rate and the sampling rate varies with the selected 
PGIA gain. Table 3 below shows the sampling rates and 
input impedances for the different gain settings of the 
HI7190. Note that this table is valid only for a 1OMHz master 
clock. If the input clock frequency is changed then the input 
impedance will change accordingly. The equation used to 
calculate the input impedance is: 


Zin = 1/(Cin X fg), 
where Cj, is the nominal input capacitance (8pF) and fs is 
the modulator sampling rate. 

TABLE 3. EFFECTIVE INPUT IMPEDANCE vs GAIN 


ee ea 
(kHz) (MQ) 
a 


Input Filter To Reduce Wideband Noise 


The HI7190 internal digital filter does not remove noise that 
is located at integer multiples of the sampling frequency. To 
reduce this wideband noise an external RC low pass filter 
may be used. Below is a recommended input filter configura- 
tion. Tables 4 and 5 provide external component values for 
16-bit and 20-bit performance, respectively. 


HI7190 
Rext 


CexT 
Rext G 
db Cext 


FIGURE 7. INPUT FILTER 


VINHI VINHI 


VINLO 


TABLE 4. GAIN VERSUS EXTERNAL RC FILTER FOR 16-BiT 
PERFORMANCE 


fs (kHz) 


- APPROX. 
Eat 
Le! 
= 


ras, 


0.640} 6K 1.2K 700 
or more 


TABLE 5. GAIN vs EXTERNAL RC FILTER FOR 20-BIT 
PERFORMANCE 


Cext | Cext 


fs (kHz) 
APPROX. 


NOTE: fg = Sampling Rate, ts = Settling Time = "/o(1/fg)(0.8). 


Bipolar/Unipolar Input Ranges 


The input on the HI7190 can accept either unipolar or bipolar 
input voltages. Bipolar or unipolar options are chosen by pro- 
gramming the B/U bit of the Control Register. Programming 
the part for either unipolar or bipolar operation does not 
change the input signal conditioning. 


The inputs are differential, and as a result are referenced to 
the voltage on the Vin_o input. For example, if Vinio is 
+1.25V and the HI7190 is configured for unipolar operation 
with a gain of 1 and a Vp_er of +2.5V, the input voltage range 
on the Vinto input is +1.25V to +3.75V. If Vinto is +1.25V 
and the HI7190 is configured for bipolar mode with gain of 1 
and a Vr_er of +2.5V, the analog input range on the Vin) 
input is -1.25V to +3.75V. 


Programmable Gain Instrumentation Amplifier 


The Programmable Gain Instrumentation Amplifier allows the 
user to directly interface low level sensors and bridges directly 
to the HI7190. The PGIA has 4 selectable gain options of 1, 2, 
4, 8 which are implemented by multiple sampling of the input 
signal. Input signals can be gained up further to 16, 32, 64 or 
128. These higher gains are implemented in the digital section 
of the design to maintain a high signal to noise ratio through 
the front end amplifiers. The gain is digitally programmable in 
the Control Register via the serial interface. For optimum 
PGIA performance the Vcyy pin should be tied to the mid point 
of the analog supplies. 


Differential Reference Input 


The reference inputs of the of the HI7190, Vay; and Vaio, 
provide a differential reference input capability. The nominal 
differential voltage (VReF = VRHi - VRLO) is +2.5V and the 
common mode voltage cab be anywhere between AVss and 
AVpp. Larger values of Vref can be used without 
degradation in performance with the maximum reference 
voltage being Varr = +5V. Smaller values of Vaer can also 
be used but performance will be degraded since the LSB 
size is reduced. 


The full scale range of the HI7190 is defined as: 
FSReBIPOLAR = 2 X VraeF/GAIN 
FSRUNIPOLAR = VREF/GAIN 


and Vry; must always be greater than Vpio for proper 
operation of the device. 
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The reference inputs provide a high impedance dynamic 
load similar to the analog inputs and the effective input 
impedance for the reference inputs can be calculated in the 
same manner as it is for the analog input impedance. The 
only difference in the calculation is that Cj for the reference 
inputs is 10.67pF. Therefor, the input impedance range for 
the reference inputs is from 149kQ in a gain of 8 or higher 
mode to 833kQ in the gain of 1 mode. 


Vom Input 


The voltage at the Voy input is the voltage that the internal 
analog circuitry is referenced to and should always be tied to 
the midpoint of the AVpp and AVss supplies. This point 
provides a common mode input voltage for the internal oper- 
ational amplifiers and must be driven from a low noise, low 
impedance source if it is not tied to analog ground. Failure to 
do so will result in degraded HI7190 performance. It is 
recommended that Voy be tied to analog ground when 
operating off of AVpp = +5V and AVss = -5V supplies. 


Vcwm also determines the headroom at the upper and lower 
ends of the power supplies which is limited by the common 
mode input range where the internal operational amplifiers 
remain in the linear, high gain region of operation. The 
HI7190 is designed to have a range of AVss +1.8V < Voy < 
AVpp - 1.8V. Exceeding this range on the Voy pin will 
compromise the device performance. 


Transducer Burn-Out Current Source 


The Vinny input of the HI7190 contains a 500nA (Typ) current 
source which can be turned on/off via the Control Register. 
This current source can be used in checking whether a 
transducer has burnt-out or become open before attempting 
to take measurements on that channel. When the current 
source is turned on an additional offset will be created 
indicating the presence of a transducer. The current source 
is controlled by the BO bit (Bit 4) in the Control Register and 
is disabled on power up. See Figure 8 for an applications 
circuit. 


HI7190 


RATIOMETRIC 
CONFIGURATION 


CURRENT 
SOURCE ® 


FIGURE 8. BURN-OUT CURRENT SOURCE CIRCUIT 


Digital Section Description 


A block diagram of the digital section of the HI7190 is shown 
in Figure 9. This section includes a low pass decimation fil- 
ter, conversion controller, calibration logic, serial interface, 


and clock generator. 
CLOCK 
GENERATOR 


MODULATOR 
CLOCK 


= 

a 

5 CALIBRATION SDO 
ve) DIGITAL SERIAL VO SDIO 
S FILTER SCLK 
$ Z JULI f*-cs 

—_ $ 

= DRDY 
re) 

Ss 


RESET 


SYNC 


FIGURE 9. DIGITAL SECTION BLOCK DIAGRAM 
Digital Filtering 


One advantage of digital filtering is that it occurs after the 
conversion process and can remove noise introduced during 
the conversion. It can not, however, remove noise present on 
the analog signal prior to the ADC (which an analog filter 
can). 


One problem with the modulator/digital filter combination is 
that excursions outside the full scale range of the device 
could cause the modulator and digital filter to saturate. This 
device has headroom built in to the modulator and digital fil- 
ter which tolerates signal deviations up to 33% outside of the 
full scale range of the device. If noise spikes can drive the 
input signal outside of this extended range, it is recom- 
mended that an input analog filter is used or the overall input 
signal level is reduced. 


Low Pass Decimation Filter 


The digital low-pass filter is a Hogenauer (sinc?) decimating 
filter. This filter was chosen because it is a cost effective low 
pass decimating filter that minimizes the need for internal 
multipliers and extensive storage and is most effective when 
used with high sampling or oversampling rates. Figure 10 
shows the frequency characteristics of the filter where fc is 
the -3dB frequency of the input signal and fy is the 
programmed notch frequency. The analog modulator sends 
a one bit data stream to the filter at a rate of that is 
determined by: 


fMODULATOR = fosc/128 
fMODULATOR = 78.125kHz for fogc = 10MHz. 


The filter then converts the serial modulator data into 40-bit 
words for processing by the Hogenauer filter. The data is 
decimated in the filter at a rate determined by the CODE 
word FP10-FPO (programed by the user into the Control 
Register) and the external clock rate. The equation is: 


fNOTCH = fosc/(512 x CODE). 
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The Control Register has 11 bits that select the filter cutoff 
frequency and the first notch of the filter. The output data 
update rate is equal to the notch frequency. The notch fre- 
quency sets the Nyquist sampling rate of the device while 
the -3dB point of the filter determines the frequency spec- 
trum of interest (fs). The FP bits have a usable range of 10 
through 2047 where 10 yields a 1.953kHz Nyquist rate. 


The Hogenauer filter contains alias components that reflect 
around the notch frequency. If the spectrum of the frequency 
of interest reaches the alias component, the data has been 
aliased and therefore undersampled. 


Filter Characteristics 


The FP10 to FPO bits programmed into the Control Register 
determine the cutoff (or notch) frequency of the digital filter. 
The allowable code range is OOA}. This corresponds to a 
maximum and minimum cutoff frequency of 1.953kHz and 
10Hz, respectively when operating at a clock frequency of 
10MHz. If a 1MHz clock is used then the maximum and 
minimum cutoff frequencies become 195.3kHz and 1Hz, 
respectively. A plot of the (sinx/x)? digital filter characteristics 
is shown in Figure 10. This filter provides greater than 120dB 
of 50Hz or 60HZz rejection. Changing the clock frequency or 
the programming of the FP bits does not change the shape 
of the filter characteristics, it merely shifts the notch 
frequency. This low pass digital filter at the output of the 
converter has an accompanying settling time for step inputs 
just as a low pass analog filter does. New data takes 
between 3 and 4 conversion periods to settle and update on 
the serial port with a conversion period tcony being equal to 
1/fy. 


AMPLITUDE (dB) 


fc fy 2fn 3x 4tny 
FREQUENCY (Hz) 


FIGURE 10. LOW PASS FILTER FREQUENCY CHARACTERISTICS 
Input Filtering 


The digital filter does not provide rejection at integer multi- 
ples of the modulator sampling frequency. This implies that 
there are frequency bands where noise passes to the output 
without attenuation. For most cases this is not a problem 
because the high oversampling rate and noise shaping char- 
acteristics of the modulator cause this noise to become a 
small portion of the broadband noise which is filtered. How- 


ever, if an anti-alias filter is necessary a single pole RC filter 
is usually sufficient. 


lf an input filter is used the user must be careful that the 
source impedance of the filter is low enough not to cause 
gain errors in the system. The DC input impedance at the 
inputs is > 1GQ but it is a dynamic load that changes with 
clock frequency and selected gain. The input sample rate, 
also dependent upon clock frequency and gain, determines 
the allotted time for the input capacitor to charge. The addi- 
tion of external components may cause the charge time of 
the capacitor to increase beyond the allotted time. The result 
of the input not settling to the proper value is a system gain 
error which can be eliminated by system calibration of the 
HI7190. 


Clocking/Oscillators 


The master clock into the HI7190 can be supplied by either a 
crystal connected between the OSC; and OSCo pins as 
shown in Figure 11A or a CMOS compatible clock signal 
connected to the OSC; pin as shown in Figure 11B. The 
input sampling frequency, modulator sampling frequency, fil- 
ter -3dB frequency, output update rate, and calibration time 
are all directly related to the master clock frequency, fosc. 
For example, if a 1MHz clock is used instead of a 10MHz 
clock, what is normally a 10Hz conversion rate becomes a 
1Hz conversion rate. Lowering the clock frequency will also 
lower the amount of current drawn from the power supplies. 
Please note that the HI7190 specifications are written for a 
10MHz clock only. 


HI7190 


FIGURE 11A. 


NO 
CONNECTION 


FIGURE 11B. 
FIGURE 11. OSCILLATOR CONFIGURATIONS 


Operational Modes 


The HI7190 contains several operational modes including 
calibration modes for cancelling offset and gain errors of 
both internal and external circuitry. A calibration routine 
should be initiated whenever there is a change in the ambi- 
ent operating temperature or supply voltage. Calibration 
should also be initiated if there is a change in the gain, filter 
notch, bipolar, or unipolar input range. Non-calibrated data 
can be obtained from the device by writing 000000 to the 
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Offset Calibration Register, 800000 (h) to the Positive Full 
Scale Calibration Register, and 800000 (h) to the Negative 
Full Scale Calibration Register. This sets the offset 
correction factor to 0 and both the positive and negative gain 
slope factors to 1. 


The HI7190 offers several different modes of Self-Calibration 
and System Calibration. For calibration to occur, the on-chip 
microcontroller must convert the modulator output for three 
different input conditions - “zero-scale,” “positive full scale,” 
and “negative full scale”. With these readings, the HI7190 
can null any offset errors and calculate the gain slope factor 
for the transfer function of the converter. It is imperative that 
the zero-scale calibration be performed before either of the 
gain calibrations. However, the order of the gain calibrations 
is not important. 


The calibration modes are user selectable in the Control 
Register by using the MD bits (MD2-MDO) as shown in 
Table 6. DRDY will go low indicating that the calibration is 
complete and there is valid data at the output. 


TABLE 6. HI7190 OPERATIONAL MODES 


Mp2 | mpi] Mbo | OPERATIONAL MODE 
ee 
po | 0 | 4 | setcaioraion 
po | 4 | 0 | Systemoriset Calibration 
| 9 | 1 | 1 | System Positive Full Scale Calibration _ 
1 | 2 | 0 | system Negative Full Scale Calibration | 
| 1 | oO | 1 | System Offsetintemal Gain Calibration _ 
S22 AES 


. . 


System Gain Calibration 


Conversion Mode 


For Conversion Mode operation the HI7190 converts the dif- 
ferential voltage between Vinny) and Vinto. From switching 
into this mode it takes 3 conversion periods (3 x 1/fy) for 
DRDY to go low and new data to be valid. No calibration 
coefficients are generated when operating in Conversion 
Mode as data is calibrated using the existing calibration 
coefficients. 


Self-Calibration Mode 


The Self-Calibration Mode is a three step process that 
updates the Offset Calibration Register, the Positive Full 
Scale Calibration Register, and the Negative Full Scale Cali- 
bration Register. In this mode an internal offset calibration is 
done by disconnecting the external inputs and shorting the 
inputs of the PGIA together. After 3 conversion periods the 
Offset Calibration Register is updated with the value that 
corrects any internal offset errors. 


After the offset calibration is completed the Positive and 
Negative Full Scale Calibration Registers are updated. The 
inputs Vinn; and Vin_o are disconnected and the external 
reference is applied across the modulator inputs. The 
HI7190 then takes 3 conversion cycles to sample the data 
and update the Positive Full Scale Calibration Register. Next 
the polarity of the reference voltage across the modulator 


input terminals is reversed and after 3 conversion cycles the 
Negative Full Scale Calibration Register is updated. The 
values stored in the Positive and Negative Full Scale 
Calibration Registers correct for any internal gain errors in 
the A/D transfer function. After 3 more conversion cycles the 
DRDY line will activate signaling that the calibration is com- 
plete and valid data is present in the Data Output Register. 


Please note: Self-calibration is only valid when operating 
in a gain of one. In addition, the offset and gain errors are 
not reduced as with the full system calibration. 


System Offset Calibration Mode 


The System Offset Calibration Mode is a single step process 
that allows the user to lump offset errors of external circuitry 
and the internal errors of the HI7190 together and null them 
out. This mode will convert the external differential signal 
applied to the Vij inputs and then store that value in the Off- 
set Calibration Register. The user must apply the zero point 
or offset voltage to the HI7190 analog inputs and allow the 
signal to settle before selecting this mode. After 4 conver- 
sion periods the DRDY line will activate signaling that the 
calibration is complete and valid data is present in the Data 
Output Register. 


System Positive Full Scale Calibration Mode 


The System Positive Full Scale Calibration Mode is a single 
step process that allows the user to lump gain errors of 
external circuitry and the internal errors of the HI7190 
together and null them out. This mode will convert the exter- 
nal differential signal applied to the Vjjy inputs and stores the 
converted value in the Positive Full Scale Calibration Regis- 
ter. The user must apply the +Full Scale voltage to the 
HI7190 analog inputs and allow the signal to settle before 
selecting this mode. After 4 conversion periods the DRDY 
line will activate signaling the calibration is complete and 
valid data is present in the Data Output Register. 


System Negative Full Scale Calibration Mode 


The System Negative Full Scale Calibration Mode is a 
single-step process that allows the user to lump gain errors 
of external circuitry and the internal errors of the HI7190 
together and null them out. This mode will convert the exter- 
nal differential signal applied to the Vij inputs and stores the 
converted value in the Negative Full Scale Calibration Regis- 
ter. The user must apply the -Full Scale voltage to the 
HI7190 analog inputs and allow the signal to settle before 
selecting this mode. After 4 conversion periods the DRDY 
line will activate signaling the calibration is complete and 
valid data is present in the Data Output Register. 


System Offset/Internal Gain Calibration Mode 


The System Offset/Internal Gain Calibration Mode is a single 
step process that updates the Offset Calibration Register, 
the Positive Full Scale Calibration Register, and the Negative 
Full Scale Calibration Register. First the external differential 
signal applied to the Vix, inputs is converted and that value is 
stored in the Offset Calibration Register. The user must 
apply the zero point or offset voltage to the HI7190 analog 
inputs and allow the signal to settle before selecting this 
mode. 
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After this is completed the Positive and Negative Full Scale 
Calibration Registers are updated. The inputs Vinny) and Vinto 
are disconnected and the external reference is switched in. The 
HI7190 then takes 3 conversion cycles to sample the data and 
update the Positive Full Scale Calibration Register. Next the 
polarity of the reference voltage across the Vinny) and Vinto 
terminals is reversed and after 3 conversion cycles the 
Negative Full Calibration Register is updated. The values 
stored in the Positive and Negative Full Scale Calibration 
Registers correct for any internal gain errors in the A/D transfer 
function. After 3 more conversion cycles, the DRDY line will 
activate signaling that the calibration is complete and valid data 
is present in the Data Output Register. 


System Gain Calibration Mode 


The Gain Calibration Mode is a single step process that 
updates the Positive and Negative Full Scale Calibration Reg- 
isters. This mode will convert the external differential signal 
applied to the Vj, inputs and then store that value in the Nega- 
tive Full Scale Calibration Register. Then the polarity of the 
input is reversed internally and another conversion is per- 
formed. This conversion result is written to the Positive Full 
Scale Calibration Register. The user must apply the +Full 
Scale voltage to the HI7190 analog inputs and allow the signal 
to settle before selecting this mode. After 1 more conversion 
period the DRDY line will activate signaling the calibration is 
complete and valid data is present in the data output register. 


Reserved 


This mode is not used in the HI7190 and should not be 
selected. There is no internal detection logic to keep this 
condition from being selected and care should be taken not 
to assert this bit combination. 


Offset and Span Limits 


There are limits to the amount of offset and gain which can 
be adjusted out for the HI7190. For both bipolar and unipolar 
modes the minimum and maximum input spans are 
0.2 x VaerF/GAIN and 1.2 x Vaer/GAIN respectively. 


In the unipolar mode the offset plus the span cannot exceed 
the 1.2 xX Veer/GAIN limit. So, if the span is at its minimum 
value of 0.2 x Vraer/GAIN, the offset must be less than 1 x 
Vrer/GAIN. In bipolar mode the span is equidistant around 
the voltage used for the zero scale point. For this mode the 
offset plus half the span cannot exceed 1.2 x Varr/GAIN. If 
the span is at +0.2 x VpaeF/GAIN, then the offset can not be 
greater than +2 x Vper/GAIN. 


Serial Interface 


The HI7190 has a flexible, synchronous serial communication 
port to allow easy interfacing to many industry standard micro- 
controllers and microprocessors. The serial I/O is compatible 
with most synchronous transfer formats, including both the 
Motorola 6805/11 SPI and Intel 8051 SSR protocols. The 
Serial Interface is a flexible 2-wire or 3-wire hardware interface 
where the HI7190 can be configured to read and write on a 
single bidirectional line (SDIO) or configured for writing on 
SDIO and reading on the SDO line. 


The interface is byte organized with each register byte 
having a specific address and single or multiple byte trans- 


fers are supported. In addition, the interface allows flexibility 
as to the byte and bit access order. That is, the user can 
specify MSB/LSB first bit positioning and can access bytes 
in ascending/descending order from any byte position. 


The serial interface allows the user to communicate with 5 
registers that control the operation of the device. 


Data Output Register - a 24-bit, read only register 
containing the conversion results. 


Control Register - a 24-bit, read/write register containing 
the setup and operating modes of the device. 


Offset Calibration Register - a 24-bit, read/write register 
used for calibrating the zero point of the converter or system. 


Positive Full Scale Calibration Register - a 24-bit, 
read/write register used for calibrating the Positive Full Scale 
point of the converter or system. 


Negative Full Scale Calibration Register - a 24-bit, 
read/write register used for calibrating the Negative Full 
Scale point of the converter or system. 


Two clock modes are supported. The HI7190 can accept the 
serial interface clock (SCLK) as an input from the system or 
generate the SCLK signal as an output. If the MODE pin is 
logic low the HI7190 is in external clocking mode and the 
SCLK pin is configured as an input. In this mode the user 
supplies the serial interface clock and all interface timing 
specifications are synchronous to this input. If the MODE pin 
is logic high the HI7190 is in self-clocking mode and the 
SCLK pin is configured as an output. In self-clocking mode, 
SCLK runs at FsciK = OSC;/8 and stalls high at byte 
boundaries. SCLK does NOT have the capability to stall low 
in this mode. All interface timing specifications are 
synchronous to the SCLK output. 


Normal operation in self-clocking mode is as follows (See 
Figure 13): CS is sampled low on falling OSC; edges. The 
first SCLK transition output is delayed 29 OSC, cycles from 
the next rising OSC ;. SCLK transitions eight times and then 
stalls high for 28 OSC, cycles. After this stall period is com- 
pleted SCLK will again transition eight times and stall high. 
This sequence will repeat continuously while CS is active. 


The extra OSC, cycle required when coming out of the CS 
inactive state is a one clock cycle latency required to prop- 
erly sample the CS input. Note that the normal stall at byte 
boundaries is 28 OSC, cycles thus giving a SCLK rising to 
rising edge stall period of 32 OSC, cycles. 


The affects of CS on the I/O are different for self-clocking 
mode (MODE = 1) than for external mode (MODE = 0). For 
external clocking mode CS inactive disables the I/O state 
machine, effectively freezing the state of the I/O cycle. That 
is, an I/O cycle can be interrupted using chip select and the 
HI7190 will continue with that I/O cycle when re-enabled via 
CS. SCLK can continue toggling while CS is inactive. If CS 
goes inactive during an I/O cycle, it is up to the user to 
ensure that the state of SCLK is identical when reactivating 
CS as to what it was when CS went inactive. For read opera- 
tions in external clocking mode, the output will go three-state 
immediately upon deactivation of CS. 
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For self-clocking mode (MODE = 1), the affects of CS are 
different. If CS transitions high (inactive) during the period 
when data is being transferred (any non stall time) the H!I7190 
will complete the data transfer to the byte boundary. That is, 
once SCLK begins the eight transition sequence, it will always 
complete the eight cycles. If CS remains inactive after the byte 
has been transferred it will be sampled and SCLK will remain 
stalled high indefinitely. If CS has returned to active low before 
the data byte transfer period is completed the HI7190 acts as 
if CS was active during the entire transfer period. 


lt is important to realize that the user can interrupt a data 
transfer on byte boundaries. That is, if the Instruction Regis- 
ter calls for a 3 byte transfer and CS is inactive after only one 
byte has been transferred, the HI7190, when reactivated, will 
continue with the remaining two bytes before looking for the 
next Instruction Register write cycle. 


Note that the outputs will NOT go three-state immediately upon 
CS inactive for read operations in self-clocking mode. In the 
case of CS going inactive during a read cycle the outputs 
remain driving until after the last data bit is transferred. In the 
case of CS inactive during the clock stall time it takes 1 OSC, 
cycle plus prop delay (Max) for the outputs to be disabled. 


I/O Port Pin Descriptions 


The serial I/O port is a bidirectional port which is used to 
read the data register and read or write the control register 
and calibration registers. The port contains two data lines, a 
synchronous clock, and a status flag. Figure 12 shows a 
diagram of the serial interface lines. 


DATA OUT «————/|SDO 
BIDIRECTIONAL DATA «<——> |SDIO 
PORT CLOCK «—> |SCLK 

CHIP SELECT ————> |CS 
DEVICE STATUS «————|DRDY 
CLOCK MODE ————> | MODE 
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FIGURE 12. HI7190 SERIAL INTERFACE 


SDO - Serial Data out. Data is read from this line using those 
protocols with separate lines for transmitting and receiving 
data. An example of such a standard is the Motorola Serial 
Peripheral Interface (SPI) using the 68HCO5 and 68HC11 
family of microcontrollers, or other similar processors. In the 
case of using bidirectional data transfer on SDIO, SDO does 
not output data and is set in a high impedance state. 


SDIO - Serial Data in or out. Data is always written to the 
device on this line. However, this line can be used as a bidi- 
rectional data line. This is done by properly setting up the 
Control Register. Bidirectional data transfer on this line can 


be used with Intel standard serial interfaces (SSR, Mode 0) 
in MCS51 and MCS96 family of microcontrollers, or other 
similar processors. 


SCLK - Serial clock. The serial clock pin is used to synchro- 
nize data to and from the HI7190 and to run the port state 
machines. In Synchronous External Clock Mode, SCLK is 
configured as an input, is supplied by the user, and can run 
up to a 5MHz rate. In Synchronous Self Clocking Mode, 
SCLK is configured as an output and runs at OSC,/8. 


CS - Chip select. This signal is an active low input that 
allows more than one device on the same serial communica- 
tion lines. The SDO and SDIO will go to a high impedance 
state when this signal is high. If driven high during any 
communication cycle, that cycle will be suspended until cS 
reactivation. Chip select can be tied low in systems that 
maintain control of SCLK. 


DRDY - Data Ready. This is an output status flag from the 
device to signal that the Data Output Register has been 
updated with the new conversion result. DRDY is useful as an 
edge or level sensitive interrupt signal to a microprocessor or 
microcontroller. DRDY low indicates that new data is available 
at the Data Output Register. DRDY will return high upon 
completion of a complete Data Output Register read cycle. 


MODE - Mode. This input is used to select between Synchro- 
nous Self Clocking Mode (‘1’) or the Synchronous External 
Clocking Mode (‘0’). When this pin is tied to Vpp the serial 
port is configured in the Synchronous Self Clocking mode 
where the synchronous shift clock (GSCLK) for the serial port is 
generated by the HI7190 and has a frequency of OSC,/8. 
When the pin is tied to DGND the serial port is configured for 
the Synchronous External Clocking Mode where the synchro- 
nous shift clock for the serial port is generated by an external 
device up to a maximum frequency of 5MHz. 


Programming the Serial Interface 


It is useful to think of the HI7190 interface in terms of 
communication cycles. Each communication cycle happens 
in 2 phases. The first phase of every communication cycle 
is the writing of an instruction byte. The second phase is 
the data transfer as described by the instruction byte. It is 
important to note that phase 2 of the communication cycle 
can be a single byte or a multi-byte transfer of data. For 
example, the 3-byte Data Output Register can be read 
using one multi-byte communication cycle rather than three 
single-byte communication cycles. It is up to the user to 
maintain synchronism with respect to data transfers. If the 
system processor “gets lost” the only way to recover is to 
reset the HI7190. Figure 14 shows both a 2-wire and a 
3-wire data transfer. 
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FIGURE 13. SCLK OUTPUT IN SELF-CLOCKING MODE 
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Several formats are available for reading from and writing to 
the HI7190 registers in both the 2-wire and 3-wire protocols. 
A portion of these formats is controlled by the CR<2:1> (BD 
and MSB) bits which control the byte direction and bit order 
of a data transfer respectively. These two bits can be written 
in any combination but only the two most useful will be dis- 
cussed here. 


The first combination is to reset both the BD and MSB bits 
(BD = 0, MSB = 0). This sets up the interface for descending 
byte order and MSB first format. When this combination is 
used the user should always write the Instruction Register 
such that the starting byte is the most significant byte address. 
For example, read three bytes of DR starting with the most sig- 
nificant byte. The first byte read will be the most significant in 
MSB to LSB format. The next byte will be the next least signifi- 
cant (recall descending byte order) again in MSB to LSB order. 
The last byte will be the next lesser significant byte in MSB to 
LSB order. The entire word was read MSB to LSB format. 


The second combination is to set both the BD and MSB bits to 
1. This sets up the interface for ascending byte order and LSB 
first format. When this combination is used the user should 
always write the Instruction Register such that the starting 
byte is the least significant byte address. For example, read 
three bytes of DR starting with the least significant byte. The 
first byte read will be the least significant in LSB to MSB for- 
mat. The next byte will be the next greater significant (recall 
ascending byte order) again in LSB to MSB order. The last 
byte will be the next greater significant byte in LSB to MSB 
order. The entire word was read MSB to LSB format. 


After completion of each communication cycle, The HI7190 
interface enters a standby mode while waiting to receive a 
new instruction byte. 
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FIGURE 14B. 3-WIRE, 3-BYTE READ TRANSFER 
FIGURE 14. 


Instruction Byte Phase 


The instruction byte phase initiates a data _ transfer 
sequence. The processor writes an 8-bit byte (Instruction 
Byte) to the Instruction Register. The instruction byte informs 
the HI7190 about the Data transfer phase activities and 
includes the following information: 


- Read or Write cycle 

- Number of Bytes to be transferred 

- Which register and starting byte to be accessed 
Data Transfer Phase 


In the data transfer phase, data transfer takes place as set 
by the Instruction Register contents. See Write Operation 
and Read Operation sections for detailed descriptions. 


Instruction Register 


The Instruction Register is an 8-bit register which is used 
during a communications cycle for setting up read/write 
operations. 


INSTRUCTION REGISTER 


MSB 6 5 a 3 2 1 LSB 
few Poe Pwo Tes [eps [a 
R/W - Bit 7 of the Instruction Register determines whether a 


read or write operation will be done following the instruction 
byte load. 0 = READ, 1 = WRITE. 


MB1, MBO - Bits 6 and 5 of the Instruction Register deter- 
mine the number of bytes that will be accessed following the 
instruction byte load. See Table 7 for the number of bytes to 
transfer in the transfer cycle. 


TABLE 7. MULTIPLE BYTE ACCESS BITS 
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Transfer 3 Bytes 
Transfer 4 Bytes 


FSC - Bit 4 is used to determine whether a Positive Full 
Scale Calibration Register I/O transfer (FSC = 0) or a Nega- 
tive Full Scale Calibration Register I/O transfer (FSC = 1) is 
being performed (see Table 8). 


A3, A2, A1, AO - Bits 3 and 2 (A3 and A2) of the Instruction 
Register determine which internal register will be accessed 
while bits 1 and 0 (A1 and AO) determine which byte of that 
register will be accessed first. See Table 8 for the address 
decode. 
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TABLE 8. INTERNAL DATA ACCESS DECODE STARTING BYTE 


[FSCTAS[A2[AT[ AO] DESCRIPTION __ 
Px Tee [e]o [pata outpurRegister Byte0 
Px To [of o| + [data OutpatResiste Bet 
Ix 1 ole} | Data Output Register, Byte 2 

|X |o} 1] Control Register, Byte 0 

Ix} O11!) Control Register, Byte 1 


Control Register, Byte 2 

Offset Cal Register, Byte 0 
1 | Offset Cal Register, Byte 1 
Offset Cal Register, Byte 2 
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Positive Full Scale Cal Register, Byte 0 
1 | Positive Full Scale Cal Register, Byte 1 
Positive Full Scale Cal Register, Byte 2 


Negative Full Scale Cal Register, Byte 0 
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1 | Negative Full Scale Cal Register, Byte 1 


1 1111] 1 [0 [Negative Full Scale Cal Register, Byte 2| 


Write Operation 


Data can be written to the Control Register, Offset Calibra- 
tion Register, Positive Full Scale Calibration Register, and 
the Negative Full Scale Calibration Register. Write opera- 
tions are done using the SDIO, CS and SCLK lines only, as 
all data is written into the HI7190 via the SDIO line even 
when using the 3-wire configuration. Figures 15 and 16 
show typical write timing diagrams. 


The communication cycle is started by asserting the CS line 
low and starting the clock from its idle state. To assert a write 
cycle, during the instruction phase of the communication 
cycle, the Instruction Byte should be set to a write transfer 
(R/W = 1). 

When writing to the serial port, data is latched into the 
HI7190 on the rising edge of SCLK. Data can then be 
changed on the falling edge of SCLK. Data can also be 
changed on the rising edge of SCLK due to the Ons hold 
time required on the data. This is useful in pipelined applica- 
tions where the data is latched on the rising edge of the 
clock. 


Read Operation - 3-Wire Transfer 


Data can be read from the Data Output Register, Control 
Register, Offset Calibration Register, Positive Full Scale 
Calibration Register, and the Negative Full Scale Calibration 


aoe IR WRITE PHASE 
CS 


SCLK 


spio io Ki2K 3s Ke Kis Ke KI) 


SDO sos THREE-STATE 


.@, @ @. ,@. @, G 


Register. When configured in 3-wire transfer mode, read 
operations are done using the SDIO, SDO, CS and SCLK 
lines. All data is read via the SDO line. Figures 17 and 18 
show typical 3-wire read timing diagrams. 


The communication cycle is started by asserting the CS line 
and starting the clock from its idle state. To assert a read 
cycle, during the instruction phase of the communication 
cycle, the Instruction Byte should be set to a read transfer 
(R/W = 0). 


When reading the serial port, data is driven out of the 
H1I7190 on the falling edge of SCLK. Data can be registered 
externally on the next rising edge of SCLK. 


Read Operation - 2-Wire Transfer 


Data can be read from the Data Output Register, Control 
Register, Offset Calibration Register, Positive Full Scale Cal- 
ibration Register, and the Negative Full Scale Calibration 
Register. When configured in two-wire transfer mode, read 
operations are done using the SDIO, CS and SCLK lines. All 
data is read via the SDIO line. Figures 19 and 20 show 
typical 2-wire read timing diagrams. 


The communication cycle is started by asserting the CS line 
and starting the clock from its idle state. To assert a read cycle, 
during the instruction phase of the communication cycle, the 
Instruction Byte should be set to a read transfer (R/W = 0). 


When reading the serial port, data is driven out of the 
HI7190 on the falling edge of SCLK. Data can be registered 
externally on the next rising edge of SCLK. 


Detailed Register Descriptions 
Data Output Register 


The Data Output Register contains 24 bits of converted data. 
This register is a read only register. 


BYTE 2 

MSB 22 21 20 19 18 17 16 
BYTE 1 

15 14 13 12 11 10 9 8 
BYTE 0 


1 LSB 


7 6 5 4 3 2 
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DATA TRANSFER PHASE - TWO-BYTE WRITE 
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FIGURE 15. DATA WRITE CYCLE, SCLK IDLE LOW 
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_ IR WRITE PHASE DATA TRANSFER PHASE - TWO-BYTE WRITE 
cS 


SCLK 
B15 


SDIO CO KN K2KS KY KER ERT) OD OO OD. > Gime © GGG DP D@ 


SsDO THREE-STATE THREE-STATE 
FIGURE 16. DATA WRITE CYCLE, SCLK IDLE HIGH 
es IR WRITE PHASE DATA TRANSFER PHASE - TWO-BYTE READ 
SCLK | 


SDIO —KioK 1K 2K is Kia Kis K 16 M7) B15 
SDO GD © OO. © © @ GED © Da) D DD. 


FIGURE 17. DATA READ CYCLE, 3-WIRE CONFIGURATION, SCLK IDLE LOW 


ws IR WRITE PHASE DATA TRANSFER PHASE - TWO-BYTE READ 
SCLK 
svIOm=—{10 KK 2K3K4KEKEKZ) 
B15 
SDO OC, @ OC. Gm > DD Gb ab  ® 
FIGURE 18. DATA READ CYCLE, 3-WIRE CONFIGURATION, SCLK IDLE HIGH 
as IR WRITE PHASE DATA TRANSFER PHASE - TWO-BYTE READ 
SCLK 
Bi5 
Sh Cb Cd, <>. >.>, 0, Gi © @ © @ © CG) Gi © DG. I> Gd a. @ 
SDO THREE-STATE THREE-STATE 
FIGURE 19. DATA READ CYCLE, 2-WIRE CONFIGURATION, SCLK IDLE LOW 
cs IR WRITE PHASE DATA TRANSFER PHASE - TWO-BYTE READ 
SCLK 
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FIGURE 20. DATA READ CYCLE, 2-WIRE CONFIGURATION, SCLK IDLE HIGH 
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Control Register 


The Control Register contains 24-bits to control the various 
sections of the HI7190. This register is a_ read/write 
register. 


BYTE 2 
MSB 22 20 19 18 rg 16 
BYTE 1 
14 13 
Cees [ree [rer [reo [woe [wor [woo a 
BYTE 0 
5 4 3 2 1 LSB 
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DC - Bit 23 is the Data Coding Bit used to select between 
two’s complementary and offset binary data coding. When 
this bit is set (DC = 1) the data in the Data Output Register 
will be two’s complement. When cleared (DC = 0) this data 
will be offset binary. When operating in the unipolar mode 
the output data is available in straight binary only (the DC bit 
is ignored). This bit is cleared after a RESET is applied to 
the part. 


FP10 through FPO - Bits 22 through 12 are the Filter pro- 
gramming bits that determine the frequency response of the 
digital filter. These bits determine the filter cutoff frequency, 
the position of the first notch and the data rate of the HI7190. 
The first notch of the filter is equal to the decimation rate and 
can be determined by the formula: 


fNOTCH = fosc /(512 x CODE) 


where CODE is the decimal equivalent of the value in FP10 
through FPO. The values that can be programmed into these 
bits are 10 to 2047 decimal, which allows a conversion rate 
range of 9.54Hz to 1.953kHz when using a 10MHz clock. 


Changing the filter notch frequency, as well as the selected 
gain, impacts resolution. The output data rate (or effective 
conversion time) for the device is equal to the frequency 
selected for the first notch to the filter. For example, if the first 
notch of the filter is selected at 50Hz then a new word is avail- 
able at a 50Hz rate or every 20ms. If the first notch is at 1kHz 
a new word is available every 1ms. 


The settling-time of the converter to a full scale step input 
change is between 3 and 4 times the data rate. For example, 
with the first filter notch at 50Hz, the worst case settling time to 
a full scale step input change is 80ms. If the first notch is 1kHz, 
the settling time to a full scale input step is 4ms maximum. 


The -3dB frequency is determined by the programmed first 
notch frequency according to the relationship: 


f .3qB = 0.262 x fNOTCH- 


MD2 through MDO - Bits 11 through 9 are the Operational 
Modes of the converter. See Table 6 for the Operational 
Modes description. After a RESET is applied to the part these 
bits are set to the self calibration mode. 


B/U - Bit 8 is the Bipolar/Unipolar select bit. When this bit is 
set the HI7190 is configured for bipolar operation. When this 
bit is reset the part is in unipolar mode. This bit is set after a 
RESET is applied to the part. 


G2 through G0 - Bits 7 through 5 select the gain of the input 
analog signal. The gain is accomplished through a program- 
mable gain instrumentation amplifier that gains up incoming 
signals from 1 to 8. This is achieved by using a switched 
capacitor voltage multiplier network preceding the modulator. 
The higher gains (i.e., 16 to 128) are achieved through a com- 
bination of a PGIA gain of 8 and a digital multiply after the dig- 
ital filter (see Table 9). The gain will affect noise and Signal to 
Noise Ratio of the conversion. These bits are cleared to a gain 
of 1 (G2, G1, GO = 000) after a RESET is applied to the part. 


TABLE 9. GAIN SELECT BITS 


See ae 
po fo fo} 4 | PGIA = 1, Filter Multiply = 1 

E2ES Ree Le 
RARRES ERS 
REEAEE EA 
RORSESAS es 
ie 
E2ER ESE Res 


BO - Bit 4 is the Transducer Burn-Out Current source enable 
bit. When this bit is set (BO = 1) the burn-out current source 
connected to Vin) internally is enabled. This current source 
can be used to detect the presence of an external connection 
to Vinui. This bit is cleared after a RESET is applied to the 
part. 


SB - Bit 3 is the Standby Mode enable bit used to put the 
HI7190 in a lower power/standby mode. When this bit is set 
(SB = 1) the filter nodes are halted, the DRDY line is set high 
and the modulator clock is disabled. When this bit is cleared 
the HI7190 begins operation as described by the contents of 
the Control Register. For example, if the Control Register is 
programmed for Self Calibration Mode and a notch frequency 
to 10Hz, the HI7190 will perform the self calibration before 
providing the data at the 10Hz rate. This bit is cleared after a 
RESET is applied to the part. 


BD - Bit 2 is the Byte Direction bit used to select the multi-byte 
access ordering. The bit determines the either ascending or 
descending order access for the multi-byte registers. When 
set (BD = 1) the user can access multi-byte registers in 
ascending byte order and when cleared (BD = 0) the multi- 
byte registers are accessed in descending byte order. This bit 
is cleared after a RESET is applied to the part. 


MSB - Bit 1 is used to select whether a serial data transfer is 
MSB or LSB first. This bit allows the user to change the order 
that data can be transmitted or received by the HI7190. When 
this bit is cleared (MSB = 0) the MSB is the first bit in a serial 
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data transfer. If set (MSB = 1), the LSB is the first bit trans- 
ferred in the serial data stream. This bit is cleared after a 
RESET is applied to the part. 


SDL - Bit 0 is the Serial Data Line control bit. This bit selects 
the transfer protocol of the serial interface. When this bit is 
cleared (SDL = 0), both read and write data transfers are done 
using the SDIO line. When set (SDL = 1), write transfers are 
done on the SDIO line and read transfers are done on the SDO 
line. This bit is cleared after a RESET is applied to the part. 


Reading the Data Output Register 


The HI7190 generates an active low interrupt (DRDY) indicat- 
ing valid conversion results are available for reading. At this 
time the Data Output Register contains the latest conversion 
result available from the HI7190. Data integrity is maintained 
at the serial output port but it is possible to miss a conversion 
result if the Data Output Register is not read within a given 
period of time. Maintaining data integrity means that if a Data 
Output Register read of conversion N is begun but not fin- 
ished before the next conversion (conversion N + 1) is com- 
plete, the DRDY line remains active low and the data being 
read is not overwritten. 


In addition to the Data Output Register, the HI7190 has a one 
conversion result storage buffer. No conversion results will be 
lost if the following constraints are met. 


1) A Data Output Register read cycle is started for a given 
conversion (conversion X) 1/fy - (128*1/fosc) after DRDY ini- 
tially goes active low. Failure to start the read cycle may result 
in conversion X + 1 data overwriting conversion X results. For 
example, with fosc = 10MHz, fy = 2kHz, the read cycle must 
start within 1/2000 - 128(1/10°) = 487us after DRDY went low. 


2) The Data Output Register read cycle for conversion X must 
be completed within 2(1/fy)-1440(1/fosc) after DRDY initially 
goes active low. If the read cycle for conversion X is not com- 
plete within this time the results of conversion X + 1 are lost 
and results from conversion X + 2 are now stored in the data 
output word buffer. 


Completing the Data Output Register read cycle inactivates 
the DRDY interrupt. If the one word data output buffer is full 
when this read is complete this data will be immediately trans- 
ferred to the Data Output Register and a new DRDY interrupt 
will be issued after the minimum DRDY pulse high time is met. 


Writing the Control Register 


If data is written to byte 2 and/or byte 1 of the Control Register 
the DRDY output is taken high and the device re-calibrates if 
written to a calibration mode. This action is taken because it is 
assumed that by writing byte 2 or byte 1 that the user either 
reprogrammed the filter or changed modes of the part. How- 
ever, if a single data byte is written to byte 0, it is assumed that 
the gain has NOT been changed. It is up to the user to re-cali- 
brate the HI7190 after the gain has been changed by this 
method. It is recommended that the entire Control Register be 
written to when changing the selected gain. This ensures that 
the part is re-calibrated before the DRDY signal goes low indi- 
cating valid data is available. 
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Offset Calibration Register 


The Offset Calibration Register is a 24-bit register containing 
the offset correction factor. This register is indeterminate on 
power-up but will contain a Self Calibration correction value 
after a RESET has been applied. 


BYTE 2 
MSB 22 20 19 18 17 16 
BYTE 1 
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BYTE 0 
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The Offset Calibration Register holds the value that corrects 
the filter output data to all O’s when the analog input is OV. 


Positive Full Scale Calibration Register 


The Positive Full Scale Calibration Register is a 24-bit regis- 
ter containing the Positive Full Scale correction coefficient. 
This coefficient is used to determine the positive gain slope 
factor. This register is indeterminate on power-up but will 
contain a Self Calibration correction coefficient after a 
RESET has been applied. 


BYTE 2 
MSB 22 21 20 19 18 ar 16 
BYTE 1 
15 14 13 12 11 10 9 
Peis Pre Pris rie [eit | Pio | Po Pa 
BYTE 0 
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Negative Full Scale Calibration Register 


The Negative Full Scale Calibration Register is a 24-bit reg- 
ister containing the Negative Full Scale correction coeffi- 
cient. This coefficient is used to determine the negative gain 
slope factor. This register is indeterminate on power-up but 
will contain a Self Calibration correction coefficient after a 
RESET has been applied. 


BYTE 2 
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BYTE 1 
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Die Characteristics 


DIE DIMENSIONS: SUBSTRATE POTENTIAL (Powered Up): 
3550um x 6340um AVss 
METALLIZATION: PASSIVATION: 
Type: AlSiCu Type: Sandwich 
Thickness: Metal 2, 16kA Thickness: Nitride 8kA 
Metal 1, 6kA USG 1kA 


Metallization Mask Layout 
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Features 


20-Bit Resolution with No Missing Code 
0.0015% Integral Non-Linearity (Typ) 
20mV to +2.5V Full Scale Input Ranges 
Internal PGIA with Gains of 1 to 128 
Serial Data I/O Interface, SP! Compatible 
Differential Analog and Reference Inputs 
Internal or System Calibration 

-120dB Rejection of 60/50Hz Line Noise 


Applications 


Low Cost Solution 

Process Control and Measurement 
Industrial Weight Scales 

Part Counting Scales 

Laboratory Instrumentation 
Motion Control 

Seismic Monitoring 

Magnetic Field Monitoring 
intruder Detection 

Additional Reference Literature 


- AN9504 “A Brief Intro to Sigma Delta Conversion” 
- TB329 “Harris Sigma Delta Calibration Technique” 
- AN9505 “Using the HI7190 Evaluation Kit” 

- TB331 “Using the HI7190 Serial Interface” 

- AN9527 “Interfacing HI7190 to a Microcontroller” 

- AN9532 “Using HI7190 in a Multiplexed System” 


HI7191 


Low Cost, 24-Bit, High Precision, 


Sigma Delta A/D Converter 


Description 


The Harris HI7191 is a monolithic instrumentation, sigma 
delta A/D converter which operates from +5V supplies. Both 
the signal and reference inputs are fully differential for maxi- 
mum flexibility and performance. An internal Programmable 
Gain Instrumentation Amplifier (PGIA) provides input gains 
from 1 to 128 eliminating the need for external pre-amplifi- 
ers. The on-demand converter auto-calibrate function is 
capable of removing offset and gain errors existing in exter- 
nal and internal circuitry. The on-board user programmable 
digital filter provides over -120dB of 60/50Hz noise rejection 
and allows fine tuning of resolution and conversion speed 
over a wide dynamic range. 


The HI7191 contains a serial I/O port and is compatible with 
most synchronous transfer formats including both the 
Motorola 6805/11 series SPI and Intel 8051 series SSR 
protocols. A sophisticated set of commands gives the user 
control over calibration, PGIA gain, device selection, standby 
mode, and several other features. The On-chip Calibration 
Registers allow the user to read and write calibration data. 


NOTE: The application notes and evaluation board for the HI7190 
are applicable to the HI7191. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) PACKAGE 


HI71911P -40to85 |20LdPDIP E20.3 
HI71911B -40to85 |20Ld SOIC M20.3 


- AN9601 “Using HI7190 with a Single +5V Supply” 


Pinout 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


Copyright © Harris Corporation 1997 


HI7191 
(PDIP, SOIC) 
TOP VIEW 
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Functional Block Diagram 
VRHI VRLO 


REFERENCE 
INPUTS 


TRANSDUCER 


BURN-OUT 
( ) CURRENT 5A 


MODULATOR 


DIGITAL FILTER 


Vom 


CONTROL AND SERIAL INTERFACE UNIT 


CLOCK CONTROL REGISTER 
GENERATOR 


OSC; OSC, DRDY RESET SYNC CS MODE Scik SDIO SDO 


SERIAL INTERFACE 


OSC; OSC, 15 
5V 
+5V AVpp DVpp. "4 . 
4.7uF 
HI7191 
0.1uF o 
1 ec 
SILI ni 
INPUT (7) 3 rE 7 
Input (> DATA VO ui ra 
2 
DATA OUT 3 = 
19 Oo9 
° SYNC oO” 
+2.5V 4 2 
REFERENCE ° cs 
5 
: DRDY 
: RESET 
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Absolute Maximum Ratings Thermal Information 
Supply Voltage Thermal Resistance (Typical, Note 1) 8a (CCW) 
A iy CO RCNO ys fencer tee eterna sor Heeimevwneannee +5.5V PDIP Package ......... ccc ec ce cece cece eees 125 
Pee AGNG cee ci nds dekh nee oe ete e ree -5.5V SOIC Package ........ 000. cece cece eee eee 100 
DVpp to DGND....... 1... eee eee eee ees +5.5V Maximum Junction Temperature ................00000% 150°C 
DGND WIIG «doe en cd ohekbndlcd incavnn eens caxwns +0.3V Maximum Storage Temperature Range Soe wae ema -65°C to 150°C 
Analog Input Pins .... 6-2-6... cece eee eee ees AVss to AVpp = Maximum Lead Temperature (Soldering, 10s) ............ 300°C 
Digital Input, Output and I/O Pins............... DGND to DVpp (SOIC - Lead Tips Only) 
ESD Tolerance (No Damage) 
Murman Body MOG v5 ani ecksessacereeseenreecsanwe 500V 
MARCHING MAOGE ¢ ics ctcnes ocean eens ennew ae ee nae ys +100V 
Leen DEVICd MOG 6 cckse gourds ex naan eg ad eae 1000V 


Operating Conditions 
Temperature Range ..............0cceecceeees -40°C to 85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications AVpp = +5V, AVss = -5V, DVpp = +5V, Vani = +2.5V, Va_o = AGND = OV, Voy = AGND, 
PGIA Gain = 1, OSCixy = 10MHz, Bipolar Input Range Selected, fry = 10Hz 


PARAMETER TEST CONDITIONS | MIN. | TYP | MAX | UNITS 
+0.0015|  +0.003 


No Missing codes to 20-Bits 


” 
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” 
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m 


Integral Non-Linearity, INL End Point Line Method (Notes 3, 5, 6) 
Note 2) 

Offset Error, Vos = VinLo (Notes 3, 5, 8, 10) 
Offset Error Drift = VinLo (Notes 3, 8) 


Full Scale Error, FSE VINHI- VINLO = +2.5V 
(Notes 3, 5, 8, 10) 


See Table 1 
Common Mode Rejection Ratio, CMRR | Voy = OV Vinni = VINLo from -2V to 


%FS 


Differential Non-Linearity S 


105) 


<|S 
z 
x= 
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+ 
hm 
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uV/ °C 


= 
= 
=L 


Normal Mode 50Hz Rejection Filter Notch = 10Hz, 25Hz, 50Hz -120 
(Note 2) 


Normal Mode 60Hz Rejection Filter Notch = 10Hz, 30Hz, 60Hz -120 
(Note 2) 


Step Response Settling Time 
ANALOG INPUTS 
Input Voltage Range Unipolar Mode (Note 9) 


Conversions 


io) 


VREF 


Input Voltage Range Bipolar Mode (Note 9) - VREF VREF 


Common Mode Input Range (Note 2) AVss AVpp 


Input Leakage Current, l)jy (Note 2) 


3 
z= 
iT] 
> 
<= 
oO 
Oo 


Input Capacitance, Ci 


oO 
oO 


Ze} 
7 


Reference Voltage Range, Vrarer 
(VREF = VRHI - VRLO) 
Transducer Burn-Out Current, Igo 
CALIBRATION LIMITS 


Positive Full Scale Calibration Limit 


200 


3 
> 


nm 
on 


1.2(Vper/Gain 
1.2(Vr_er/Gain 
1.2(Vper/Gain 
2.4(VpeF/Gain) 


~— 


Negative Full Scale Calibration Limit 


2/8 
aE 
vw 
Plo 
DS | > 
Iis 
S 
» 
= 
[e) 
me | 
= 
=| 
vw 


0.2(Vper/Gain) 
DIGITAL INPUTS 


7-48 


HI7191 


Electrical Specifications AVpp = +5V, AVss = -5V, DVpp = +5V, Vani = +2.5V, Va_o = AGND = OV, Vox = AGND, 
PGIA Gain = 1, OSC;jy = 10MHz, Bipolar Input Range Selected, fy = 10Hz (Continued) 


[PARAMETER | _TESTCONDITIONS [MN | TP | WAX | UNITS 
Inputtogcowvetasevn | CSCC~dT SCT 
Inputtogecurenty [wey «|S C«dT t| 10 =«dYC 
Input Capacitance, Ciy Vin = OV pF 


DIGITAL OUTPUTS 
Output Logic High Voltage, Voy lout = -100pA (Note 7) 


Output Logic Low Voltage, Vo. lout = 3.0mA (Note 7) 


me ~ 

r - 
) 

—t 

° 


Output Three-State Leakage Current, loz} Vout = OV, +5V (Note 7) 


an 


Digital Output Capacitance, Coyt 
TIMING CHARACTERISTICS 
SCLK Minimum Cycle Time, tscik 


oO Oo 


200 
SCLK Minimum Pulse Width, tscLKpw 

CS to SCLK Precharge Time, tppre 

DRDY Minimum High Pulse Width (Notes 2, 7) 


Data Setup to SCLK Rising Edge 
(Write), tosu 


Data Hold from SCLK Rising Edge 
(Write), tpHLp 


Data Read Access from Instruction 
Byte Write, tacc 


Read Bit Valid from SCLK Falling Edge, | (Note 7) 
DV 


Last Data Transfer to Data Ready (Note 7) 
Inactive, tORDY 


RESET Low Pulse Width 
SYNC Low Pulse Width 
Oscillator Clock Frequency 


Output Rise/Fall Time 


oa 
fo) 
2) 


oe eed 
‘| 


(Note 7) 
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Input Rise/Fall Time 
POWER SUPPLY CHARACTERISTICS 
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Power Dissipation, Standby PDs 


PSRR Note 3) 


NOTES: 
1. 8), is measured with the component mounted on an evaluation PC board in free air. 
. Parameter guaranteed by design or characterization, not production tested. 
. Applies to both bipolar and unipolar input ranges. 
. These errors can be removed by re-calibrating at the desired operating temperature. 
. Applies after system calibration. 
. Fully differential input signal source is used. 
. See Load Test Circuit, Figure 10, R1 = 10kQ, C, = 50pF. 
. 1 LSB = 298nV at 24-bits for a Full Scale Range of 5V. 
- VREF = VRHI - VRLO 
. These errors are on the order of the output noise shown in Table 1. 
. All inputs except OSC. The OSC, input Vjy is 3.5V minimum. 
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Timing Diagrams 


SCLK 


SDIO 1ST BIT 2ND BIT 


FIGURE 1. DATA WRITE TO HI7191 


SCLK 


SDIO 


2ND BIT 


SDO 


FIGURE 2. DATA READ FROM Hi7191 


FIGURE 3. DATA READ FROM Hi7191 
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Pin Descriptions 


20 LEAD 
PDIP, SOIC PIN DESCRIPTION 

1 SCLK Serial Interface Clock. Synchronizes serial data transfers. Data is input on the rising edge and output on the 
falling edge. 

2 SDO Serial Data OUT. Serial data is read from this line when using a 3-HI7191 wire serial protocol such as the 
Motorola Serial Peripheral Interface. 

3 SDIO Serial Data IN or OUT. This line is bidirectional programmable and interfaces directly to the Intel Standard Serial 
Interface using a 2-wire serial protocol. 


[+ [88 [ori Stestinot Vado ste 791 fraser data vans oye Tin wan be ed DGND. 
[5 _[_BROY [An Ave Low meruptindcatng that anew dla words avaiable forced 
[8 [oan [oitalsumvcomns OOS 
[7 [iss [Neate anatog over Supp 
(2 [Wau _| Eterna Reference pit Shou be negave wierd Va 
[2 [Yin | Eeerna Reference put Should be postive eorercedie Vio. 
[10 [Yew cermon ods nu oud bese away between Ap and AVG 


Analog Input HI. Positive input of the PGIA. The Vjjjy) input is connected to a current source that can be used to check 
the condition of an external transducer. This current source is controlled via the Control Register. 


Positive Analog Power Supply (+5V). 

AGND | Analog Supply Ground. 

Positive Digital Supply (+5V). 

Used to connect a crystal source between OSC, and OSCo. Leave open otherwise. 


17 OSC, Oscillator Clock Input for the device. A crystal connected between OSC, and OSCo will provide a clock to the 
device, or an external oscillator can drive OSC. The oscillator frequency should be 10MHz (Typ). 


RESET | Active Low Reset Pin. Used to initialize the HI7191 registers, filter and state machines. 


Active Low Sync Input. Used to control the synchronization of a number of HI7191s. A logic ‘0’ initializes the converter. 


20 MODE Mode Pin. Used to select between Synchronous Self Clocking (Mode = 1) or Synchronous External Clocking 
(Mode = 0) for the Serial Port. 


Load Test Circuit 


V4 
Ry 
DUT 
C. (INCLUDES STRAY 
aL CAPACITANCE) 
FIGURE 4. 
ESD Test Circuit 
Ry Ro HUMAN BODY 
Cesp = 100pF 
R; = 10MQ CHARGED DEVICE MODEL 
R2 = 1.5kQ iy = sg 
Vv Cesp | DUT vG@) 2= 
MACHINE MODEL 
Cesp = 200pF DIELECTRIC 
/ Ry = 10MQ 
Rp = 02 
FIGURE 5A. FIGURE 5B. 
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TABLE 1. RMS INPUT REFERRED NOISE FOR VARIOUS GAINS AND CONVERSION FREQUENCIES 


INPUT CUTOFF RMS RMS 
CONVERSION | FREQUENCY NOISE | NOISE 
RATE (fy) (-34B, fs) (nV) (uV) 


Definitions 


Integral Non-Linearity, INL, is the maximum deviation of any 
digital code from a straight line passing through the endpoints 
of the transfer function. The endpoints of the transfer function 
are zero scale (a point 0.5 LSB below the first code transition 
000...000 and 000...001) and full scale (a point 0.5 LSB above 
the last code transition 111...110 to 111...111). 


Differential Non-Linearity, DNL, is the deviation from the 
actual difference between midpoints and the ideal difference 
between midpoints (1 LSB) for adjacent codes. If this differ- 
ence is equal to or more negative than 1 LSB, a code will be 
missed. 


Offset Error, Vos, offset error is the deviation of the first 
code transition from the ideal input voltage (Vij - 0.5 LSB). 
This error can be calibrated to the order of the noise level 
shown in Table 1. 


Full Scale Error, FSE, is the deviation of the last code 
transition from the ideal input full scale voltage 
(Vin- + Vpaer/Gain - 1.5 LSB). This error can be calibrated to 
the order of the noise level shown in Table 1. 


Input Span, defines the minimum and maximum input volt- 
ages the device can handle while still calibrating properly for 
gain. 


Noise, ex, Table 1 shows the input referred peak-to-peak 
and RMS noise for some typical notch and -3dB frequencies. 
The numbers given are for the bipolar input ranges with a 
Vref Of +2.5V which means the input range is +2.5V. 
Measurements are taken for 100 conversions with the peak- 
to-peak output noise being the difference between the 
maximum and minimum readings over the 100 conversions. 


The RMS input referred noise data is calculated by 
converting the peak-to-peak numbers to RMS values by 
dividing by a crest factor of 6.6, and then dividing that result 
by the gain of the HI7191. Finally, the Effective Number of 
Bits (ENOB) or effective resolution is calculated by taking the 
logs (5V/RMS output noise). 


The noise from the part comes from two sources, the 
quantization noise from the analog-to-digital conversion 


RMS 
NOISE 


(uV) 
; 1.28 


RMS 
NOISE 
(uV) 


RMS 
NOISE 
(1V) 


RMS 
NOISE 
(LV) 


RMS 
NOISE 


(uV) 


NOISE 
(uV) 


process and device noise. Device noise (or Wideband 
Noise) is independent of gain and essentially flat across 
the frequency spectrum. Quantization noise is ratiometric 
to input full scale (and hence gain) and its frequency 
response is shaped by the modulator. 


Looking at Table 1, as the cutoff frequency increases the 
output noise increases. This is due to more of the quantization 
noise of the part coming through to the output and, hence, the 
output noise increases with increasing -3dB frequencies. For 
the lower notch settings, the output noise is dominated by the 
device noise and, hence, altering the gain has little effect on 
the output noise. At higher notch frequencies, the quantization 
noise dominates the output noise and, in this case, the output 
noise tends to decrease with increasing gain. 


Since the output noise comes from two sources, the effective 
resolution of the device (i.e., the ratio of the input full scale to 
the output RMS noise) does not remain constant with 
increasing gain or with increasing bandwidth. It is possible to 
do post-filtering (such as brick wall filtering) on the data to 
improve the overall resolution for a given -3dB frequency and 
also to further reduce the output noise. 


Circuit Description 


The HI7191 is a monolithic sigma delta A/D converter which 
operates from +5V supplies and is_ intended for 
measurement of wide dynamic range, low frequency signals. 
It contains a Programmable Gain Instrumentation Amplifier 
(PGIA), sigma delta ADC, digital filter, bidirectional serial 
port (compatible with many industry standard protocols), 
clock oscillator, and an on chip controller. 


The signal and reference inputs are fully differential for 
maximum flexibility and performance. Normally Vay; and 
Veo are tied to +2.5V and AGND respectively. This allows 
for input ranges of 2.5V and 5V when operating in the 
unipolar and bipolar modes respectively (assuming the PGIA 
is configured for a gain of 1). The internal PGIA provides 
input gains from 1 to 128 and eliminates the need for exter- 
nal pre-amplifiers. This means the device will convert signals 
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ranging from OV to +20mV and OV to +2.5V when operating 
in the unipolar mode or signals in the range of +20mV to 
+2.5V when operating in the bipolar mode. 


The input signal is continuously sampled at the input to the 
HI7191 at a clock rate set by the oscillator frequency and the 
selected gain. This signal then passes through the sigma 
delta modulator (which includes the PGIA) and emerges as a 
pulse train whose code density contains the analog signal 
information. The output of the modulator is fed into the sinc3 
digital low pass filter. The filter output passes into the 
calibration block where offset and gain errors are removed. 
The calibrated data is then coded (2’s complement, offset 
binary or binary) before being stored in the Data Output Reg- 
ister. The Data Output Register update rate is determined by 
the first notch frequency of the digital filter. This first notch fre- 
quency is programmed into HI7191 via the Control Register 
and has a range of 10Hz to 1.953kHz which corresponds to - 
3dB frequencies of 2.62Hz and 512Hz respectively. 


Output data coding on the HI7191 is programmable via the 
Control Register. When operating in bipolar mode, data out- 
put can be either 2’s complement or offset binary. In unipolar 
mode output is binary. 


The DRDY signal is used to alert the user that new output data 
is available. Converted data is read via the HI7191 serial I/O 
port which is compatible with most synchronous transfer for- 
mats including both the Motorola 6805/11 series SPI and Intel 
8051 series SSR protocols. Data Integrity is always maintained 
at the HI7191 output port. This means that if a data read of 
conversion N is begun but not finished before the next conver- 
sion (conversion N + 1) is complete, the DRDY line remains 
active (low) and the data being read is not overwritten. 


The HI7191 provides many calibration modes that can be 
initiated at any time by writing to the Control Register. The 
device can perform system calibration where external compo- 
nents are included with the HI7191 in the calibration loop or 
self-calibration where only the HI7191 itself is in the calibra- 
tion loop. The On-chip Calibration Registers are read/write 
registers which allow the user to read calibration coefficients 
as well as write previously determined calibration coefficients. 


Circuit Operation 


The analog and digital supplies and grounds are separate 
on the HI7191 to minimize digital noise coupling into the 
analog circuitry. Nominal supply voltages are AVpp = +5V, 
DVpp = +5V, and AVss = -5V. If the same supply is used 
for AVpp and DVpp it is imperative that the supply is sepa- 
rately decoupled to the AVpp and DVpp pins on the 
HI7191. Separate analog and digital ground planes should 
be maintained on the system board and the grounds should 
be tied together back at the power supply. 


When the HI7191 is powered up it needs to be reset by 
pulling the RESET line low. The reset sets the internal 
registers of the HI7191 as shown in Table 2 and puts the part 
in the bipolar mode with a gain of 1 and offset binary coding. 
The filter notch of the digital filter is set at 30Hz while the I/O 
is set up for bidirectional I/O (data is read and written on the 
SDIO line and SDO is three-stated), descending byte order, 


and MSB first data format. A self calibration is performed 
before the device begins converting. DRDY goes low when 
valid data is available at the output. 


TABLE 2. REGISTER RESET VALUES 


VALUE (HEX) 
XXXX (Undefined) 
28B300 


REGISTER 
Data Output Register 
Control Register 


Offset Calibration Register 


Self Calibration Value 


Self Calibration Value 
Negative Full Scale Calibration | Self Calibration Value 
Register 


The configuration of the HI7191 is changed by writing new 
setup data to the Control Register. Whenever data is written 
to byte 2 and/or byte 1 of the Control Register the part 
assumes that a critical setup parameter is being changed 


Positive Full Scale Calibration 
Register 


which means that DRDY goes high and the device is re-syn- 
chronized. If the configuration is changed such that the 
device is in any one of the calibration modes, a new calibra- 
tion is performed before normal conversions continue. If the 
device is written to the conversion mode, a new Calibration is 
NOT performed (A new calibration is recommended any time 
data is written to the Control Register.). In either case, DRDY 
goes low when valid data is available at the output. 


If a single data byte is written to byte 0 of the Control Regis- 
ter, the device assumes the gain has NOT been changed. It 
is up to the user to re-calibrate the device if the gain is 
changed in this manner. For this reason it is recommended 
that the entire Control Register be written when changing 
the gain of the device. This ensures that the part is re-cali- 
brated (if in a calibration mode) before the DRDY output 
goes low indicating that valid data is available. 


The calibration registers can be read via the serial interface at 
any time. However, care must be taken when writing data to 
the calibration registers. If the HI7191 is internally updating 
any calibration register the user can not write to that calibra- 
tion register. See the Operational Modes section for details on 
which calibration registers are updated for the various modes. 


Since access to the calibration registers is asynchronous to 
the conversion process the user is cautioned that new cali- 
bration data may not be used on the very next set of “valid” 
data after a calibration register write. It is guaranteed that the 
new data will take effect on the second set of output data. 
Non-calibrated data can be obtained from the device by writ- 
ing 000000 (h) to the Offset Calibration Register, 800000 (h) 
to the Positive Full Scale Calibration Register, and 800000 
(h) to the Negative Full Scale Calibration Register. This sets 
the offset correction factor to 0 and the positive and negative 
gain slope factors to 1. 


If several HI7191s share a system master clock the SYNC 
pin can be used to synchronize their operation. A common 
SYNC input to multiple devices will synchronize operation 
such that all output registers are updated simultaneously. Of 
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course the SYNC pin would normally be activated only after 
each HI7191 has been calibrated or has had calibration 
coefficients written to it. 


The SYNC pin can also be used to control the HI7191 when 
an external multiplexer is used with a single HI7191. The 
SYNC pin in this application can be used to guarantee a max- 
imum settling time of 3 conversion periods when switching 
channels on the multiplexer. 


Analog Section Description 


Figure 6 shows a simplified block diagram of the analog 
modulator front end of a sigma delta A/D Converter. The 
input signal Vi\y comes into a summing junction (the PGIA in 
this case) where the previous modulator output is subtracted 
from it. The resulting signal is then integrated and the output 
of the integrator goes into the comparator. The output of the 
comparator is then fed back via a one bit DAC to the sum- 
ming junction. The feedback loop forces the average of the 
fed back signal to be equal to the input signal Vi, . 


PGIA INTEGRATOR COMPARATOR 


FIGURE 6. SIMPLE MODULATOR BLOCK DIAGRAM 


Analog Inputs 


The analog input on the HI7191 is a fully differential input with 
programmable gain capabilities. The input accepts both unipo- 
lar and bipolar input signals and gains range from 1 to 128. The 
common mode range of this input is from AVSS to AVDD pro- 
vided that the absolute value of the analog input voltage lies 
within the power supplies. The input impedance of the HI7191 
is dependent upon the modulator input sampling rate and the 
sampling rate varies with the selected PGIA gain. Table 3 below 
shows the sampling rates and input impedances for the differ- 
ent gain settings of the HI7191. Note that this table is valid only 
for a 10MHz master clock. If the input clock frequency is 
changed then the input impedance will change accordingly. The 
equation used to calculate the input impedance is: 


Zin = 1/(Cn X fg), 


where Cin is the nominal input capacitance (8pF) and fs is 
the modulator sampling rate. 


TABLE 3. EFFECTIVE INPUT IMPEDANCE vs GAIN 


SAMPLING RATE | INPUT IMPEDANCE 
(kHz) (MQ) 


156.25 


Input Filter To Reduce Wideband Noise 


The HI7191 internal digital filter does not remove noise that 
is located at integer multiples of the sampling frequency. To 
reduce this wideband noise an external RC low pass filter 
may be used. Below is a recommended input filter configura- 
tion. Tables 4 and 5 provide external component values for 
16-bit and 20-bit performance respectively. 


HI7191 
RExtT 


Cext 
Rext b 
t Cext 


FIGURE 7. INPUT FILTER 


VINHI VINHI 


VINLO 


TABLE 4. GAIN VERSUS EXTERNAL RC FILTER FOR 16-BiIT 
PERFORMANCE 


fs (kHz) 
APPROX. 


TABLE 5. GAIN vs EXTERNAL RC FILTER FOR 20-BIT 
PERFORMANCE 


ts 
es 


fs (kHz) 


a APPROX. 
2 
| 4 


<a 
a 


4 
8 
or more 


NOTE: fg = Sampling Rate, ts = Settling Time = '/o(1/fs)(0.8). 


Bipolar/Unipolar Input Ranges 


The input on the HI7191 can accept either unipolar or bipolar 
input voltages. Bipolar or unipolar options are chosen by pro- 
gramming the B/U bit of the Control Register. Programming 
the part for either unipolar or bipolar operation does not 
change the input signal conditioning. 


The inputs are differential, and as a result are referenced to 
the voltage on the Vin_o input. For example, if Vinio is 
+1.25V and the HI7191 is configured for unipolar operation 
with a gain of 1 and a Vp_er of +2.5V, the input voltage range 
on the Vin_o input is +1.25V to +3.75V. If Vinto is +1.25V 
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and the HI7191 is configured for bipolar mode with gain of 1 
and a Vp_er of +2.5V, the analog input range on the Vinny; 
input is -1.25V to +3.75V. 


Programmable Gain Instrumentation Amplifier 


The Programmable Gain Instrumentation Amplifier allows the 
user to directly interface low level sensors and bridges directly 
to the HI7191. The PGIA has 4 selectable gain options of 1, 2, 
4, 8 which are implemented by multiple sampling of the input 
signal. Input signals can be gained up further to 16, 32, 64 or 
128. These higher gains are implemented in the digital section 
of the design to maintain a high signal to noise ratio through 
the front end amplifiers. The gain is digitally programmable in 
the Control Register via the serial interface. For optimum 
PGIA performance the Voy pin should be tied to the mid point 
of the analog supplies. 


Differential Reference Input 


The reference inputs of the of the HI7191, Vay; and Vrio, 
provide a differential reference input capability. The nominal 
differential voltage (VReF = VRHi - VRLO) is +2.5V and the 
common mode voltage cab be anywhere between AVss and 
AVpp. Larger values of Vref can be used without 
degradation in performance with the maximum reference 
voltage being Veer = +5V. Smaller values of Vper can also 
be used but performance will be degraded since the LSB 
size is reduced. 


The full scale range of the HI7191 is defined as: 
FSRpBIPOLAR = 2 X VreF/GAIN, 


FSRuUNIPOLAR = VREF/GAIN, 


and Vry; must always be greater than Vrio for proper 
operation of the device. 


The reference inputs provide a high impedance dynamic 
load similar to the analog inputs and the effective input 
impedance for the reference inputs can be calculated in the 
same manner as it is for the analog input impedance. The 
only difference in the calculation is that Cj, for the reference 
inputs is 10.67pF. Therefor, the input impedance range for 
the reference inputs is from 149kQ in a gain of 8 or higher 
mode to 833kQ in the gain of 1 mode. 


Vcm Input 

The voltage at the Voyy input is the voltage that the internal 
analog circuitry is referenced to and should always be tied to 
the midpoint of the AVpp and AVss supplies. This point pro- 
vides a common mode input voltage for the internal 
operational amplifiers and must be driven from a low noise, 
low impedance source if it is not tied to analog ground. Fail- 
ure to do so will result in degraded HI7191 performance. It is 
recommended that Voy be tied to analog ground when 
operating off of AVpp = +5V and AVss = -5V supplies. 


Vom also determines the headroom at the upper and lower 
ends of the power supplies which is limited by the common 
mode input range where the internal operational amplifiers 
remain in the linear, high gain region of operation. The 
HI7191 is designed to have a range of AVss +1.8V < Voy < 
AVpp - 1.8V. Exceeding this range on the Vey pin will com- 
promise the device performance. 


Transducer Burn-Out Current Source 


The VINHI input of the HI7191 contains a 200nA (Typ) current 
source which can be turned on/off via the Control Register. 
This current source can be used in checking whether a 
transducer has burnt-out or become open before attempting 
to take measurements on that channel. When the current 
source is turned on an additional offset will be created 
indicating the presence of a transducer. The current source is 
controlled by the BO bit (Bit 4) in the Control Register and is 
disabled on power up. See Figure 8 for an applications circuit. 


HI7191 


RATIOMETRIC 
CONFIGURATION 


FIGURE 8. BURN-OUT CURRENT SOURCE CIRCUIT 


Digital Section Description 


A block diagram of the digital section of the HI7191 is shown 
in Figure 9. This section includes a low pass decimation fil- 
ter, conversion controller, calibration logic, serial interface, 


and clock generator. 
CLOCK 
GENERATOR 


MODULATOR 
CLOCK 
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5 CALIBRATION SDO 
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fe} 
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FIGURE 9. DIGITAL SECTION BLOCK DIAGRAM 


Digital Filtering 

One advantage of digital filtering is that it occurs after the 
conversion process and can remove noise introduced during 
the conversion. It can not, however, remove noise present on 
the analog signal prior to the ADC (which an analog filter can). 


One problem with the modulator/digital filter combination is 
that excursions outside the full scale range of the device 
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could cause the modulator and digital filter to saturate. This 
device has headroom built in to the modulator and digital fil- 
ter which tolerates signal deviations up to 33% outside of the 
full scale range of the device. If noise spikes can drive the 
input signal outside of this extended range it is recom- 
mended that an input analog filter is used or the overall input 
signal level is reduced. 


Low Pass Decimation Filter 


The digital low pass filter is a Hogenauer (sinc?) decimating 
filter. This filter was chosen because it is a cost effective low 
pass decimating filter that minimizes the need for internal 
multipliers and extensive storage and is most effective when 
used with high sampling or oversampling rates. Figure 10 
shows the frequency characteristics of the filter where fc is 
the -3dB frequency of the input signal and fy is the 
programmed notch frequency. The analog modulator sends 
a one bit data stream to the filter at a rate of that is 
determined by: 


fMODULATOR = fosc/128, 
{MODULATOR = 78.125kHz for fogc = 10MHz. 


The filter then converts the serial modulator data into 40-bit 
words for processing by the Hogenauer filter. The data is 
decimated in the filter at a rate determined by the CODE 
word FP10-FPO (programed by the user into the Control 
Register) and the external clock rate. The equation is: 


fNOTCH = fosc/(612 x CODE). 


The Control Register has 11 bits that select the filter cut off 
frequency and the first notch of the filter. The output data 
update rate is equal to the notch frequency. The notch 
frequency sets the Nyquist sampling rate of the device while 
the -3dB point of the filter determines the frequency spec- 
trum of interest (fs). The FP bits have a usable range of 10 
through 2047 where 10 yields a 1.953kHz Nyquist rate. 


The Hogenauer filter contains alias components that reflect 
around the notch frequency. If the spectrum of the frequency 
of interest reaches the alias component, the data has been 
aliased and therefore undersampled. 


Filter Characteristics 


The FP10 to FPO bits programmed into the Control 
Register determine the cutoff (or notch) frequency of the 
digital filter. The allowable code range is OOOAW to 7A1y. 
This corresponds to maximum and minimum cutoff 
frequencies of 1.953kKHz and 10Hz respectively when 
operating at a clock frequency of 10MHz. If a 1MHz clock is 
used then the maximum and minimum cutoff frequencies 
Bacaing, 0.1953kKHz and 1Hz respectively. A plot of the 
(sinx/x)? digital filter characteristics is shown in Figure 10. 
This filter provides greater than 120dB of 50Hz or 60Hz 
rejection. Changing the clock frequency or _ the 
programming of the FP bits does not change the shape of 
the filter characteristics, it merely shifts the notch 
frequency. This low pass digital filter at the output of the 
converter has an accompanying settling time for step inputs 
just as a low pass analog filter does. New data takes 
between 3 and 4 conversion periods to settle and update 
on the serial port with a conversion period tcony being 
equal to 1/fy. 


AMPLITUDE (dB) 
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FIGURE 10. LOW PASS FILTER FREQUENCY CHARACTERISTICS 


Input Filtering 


The digital filter does not provide rejection at integer multiples of 
the modulator sampling frequency. This implies that there are 
frequency bands where noise passes to the output without 
attenuation. For most cases this is not a problem because the 
high oversampling rate and noise shaping characteristics of the 
modulator cause this noise to become a small portion of the 
broadband noise which is filtered. However, if an anti-alias filter 
is necessary a single pole RC filter is usually sufficient. 


lf an input filter is used the user must be careful that the 
source impedance of the filter is low enough not to cause gain 
errors in the system. The DC input impedance at the inputs is 
> 1GW but it is a dynamic load that changes with clock fre- 
quency and selected gain. The input sample rate, also depen- 
dent upon clock frequency and gain, determines the allotted 
time for the input capacitor to charge. The addition of external 
components may cause the charge time of the capacitor to 
increase beyond the allotted time. The result of the input not 
settling to the proper value is a system gain error which can 
be eliminated by system calibration of the HI7191. 


Clocking/Oscillators 


The master clock into the HI7191 can be supplied by either a 
crystal connected between the OSC, and OSC pins as shown 
in Figure 11A or a CMOS compatible clock signal connected to 
the OSC, pin as shown in Figure 11B. The input sampling fre- 
quency, modulator sampling frequency, filter -3dB frequency, 
output update rate, and calibration time are all directly related to 
the master clock frequency, fosc. For example, if a 1MHz clock 
is used instead of a 10MHz clock, what is normally a 10Hz con- 
version rate becomes a 1Hz conversion rate. Lowering the 
clock frequency will also lower the amount of current drawn 
from the power supplies. Please note that the HI7191 
specifications are written for a 10MHz clock only. 
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FIGURE 11A. 


NO 
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FIGURE 11B. 
FIGURE 11. OSCILLATOR CONFIGURATIONS 


Operational Modes 


The HI7191 contains several operational modes including 
calibration modes for cancelling offset and gain errors of both 
internal and external circuitry. A calibration routine should be 
initiated whenever there is a change in the ambient operating 
temperature or supply voltage. Calibration should also be 
initiated if there is a change in the gain, filter notch, bipolar, or 
unipolar input range. Non-calibrated data can be obtained 
from the device by writing 000000 to the Offset Calibration 
Register, 800000 (h) to the Positive Full Scale Calibration 
Register, and 800000 (h) to the Negative Full Scale Calibra- 
tion Register. This sets the offset correction factor to 0 and 
both the positive and negative gain slope factors to 1. 


The HI7191 offers several different modes of Self-Calibration 
and System Calibration. For calibration to occur, the on-chip 
microcontroller must convert the modulator output for three dif- 
ferent input conditions - “zero scale,” “positive full scale” and 
“negative full scale”. With these readings, the HI7191 can null 
any Offset errors and calculate the gain slope factor for the trans- 
fer function of the converter. It is imperative that the zero-scale 
calibration be performed before either of the gain calibrations. 
However, the order of the gain calibrations is not important. 


The calibration modes are user selectable in the Control 
Register by using the MD bits (MD2-MDO) as shown in 
Table 6. DRDY will go low indicating that the calibration is 
complete and there is valid data at the output. 


TABLE 6. HI7191 OPERATIONAL MODES 


rubs [wot | mb0 | OPERATIONAL MODE 
To [0 | 0 [Coneson SS 
Oe 
To _[ 1] 0_[ System Onset Calbraton 
To [ 1] 1 [System Postve Full Scale Calbration — 
[1 [-0 | 0 [System Negative Full Scale Calibration _ 
0 [1 [System Ofisevinteral Gain Calibration 
1] 0 [System Gain Calibration 


Conversion Mode 


For Conversion Mode operation the HI7191 converts the dif- 
ferential voltage between Vinp; and Vinto. From switching 
into this mode it takes 3 conversion periods (3 x 1/f\) for 
DRDY to go low and new data to be valid. No calibration coef- 
ficients are generated when operating in Conversion Mode as 
data is calibrated using the existing calibration coefficients. 


Self Calibration Mode 


The Self Calibration Mode is a three step process that 
updates the Offset Calibration Register, the Positive Full 


Scale Calibration Register, and the Negative Full Scale Cali- - 


bration Register. In this mode an internal offset calibration is 
done by disconnecting the external inputs and shorting the 
inputs of the PGIA together. After 3 conversion periods the 
Offset Calibration Register is updated with the value that 
corrects any internal offset errors. 


After the offset calibration is completed the Positive and 
Negative Full Scale Calibration Registers are updated. The 
inputs Vinny; and Vinto are disconnected and the external 
reference is applied across the modulator inputs. The 
HI7191 then takes 3 conversion cycles to sample the data 
and update the Positive Full Scale Calibration Register. Next 
the polarity of the reference voltage across the modulator 
input terminals is reversed and after 3 conversion cycles the 
Negative Full Calibration Register is updated. The values 
stored in the Positive and Negative Full Scale Calibration 
Registers correct for any internal gain errors in the A/D 
transfer function. After 3 more conversion cycles the DRDY 
line will activate signaling that the calibration is complete and 
valid data is present in the Data Output Register. 


Please note, self calibration is only valid when operating 
in a gain of one. In addition, the offset and gain errors 
are not reduced as with the full system calibration. 


System Offset Calibration Mode 


The System Offset Calibration Mode is a single step process 
that allows the user to lump offset errors of external circuitry 
and the internal errors of the HI7191 together and null them 
out. This mode will convert the external differential signal 
applied to the VIN inputs and then store that value in the Off- 
set Calibration Register. The user must apply the zero point 
or offset voltage to the HI7191 analog inputs and allow the 
signal to settle before selecting this mode. After 4 conversion 
periods the DRDY line will activate signaling that the calibra- 
tion is complete and valid data is present in the Data Output 
Register. 


System Positive Full Scale Calibration Mode 


The System Positive Full Scale Calibration Mode is a single 
step process that allows the user to lump gain errors of 
external circuitry and the internal errors of the HI7191 
together and null them out. This mode will convert the exter- 
nal differential signal applied to the Vj, inputs and stores the 
converted value in the Positive Full Scale Calibration Regis- 
ter. The user must apply the +Full Scale voltage to the 
HI7191 analog inputs and allow the signal to settle before 
selecting this mode. After 4 conversion periods the DRDY 
line will activate signaling the calibration is complete and 
valid data is present in the Data Output Register. 
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System Negative Full Scale Calibration Mode 


The System Negative Full Scale Calibration Mode is a single 
step process that allows the user to lump gain errors of 
external circuitry and the internal errors of the HI7191 
together and null them out. This mode will convert the exter- 
nal differential signal applied to the Vij inputs and stores the 
converted value in the Negative Full Scale Calibration Regis- 
ter. The user must apply the -Full Scale voltage to the 
HI7191 analog inputs and allow the signal to settle before 
selecting this mode. After 4 conversion periods the DRDY 
line will activate signaling the calibration is complete and 
valid data is present in the Data Output Register. 


System Offset/Internal Gain Calibration Mode 


The System Offset/Internal Gain Calibration Mode is a single 
step process that updates the Offset Calibration Register, the 
Positive Full Scale Calibration Register, and the Negative Full 
Scale Calibration Register. First the external differential signal 
applied to the VIN inputs is converted and that value is stored 
in the Offset Calibration Register. The user must apply the 
zero point or offset voltage to the HI7191 analog inputs and 
allow the signal to settle before selecting this mode. 


After this is completed the Positive and Negative Full Scale 
Calibration Registers are updated. The inputs Vij and 
ViINLO are disconnected and the external reference is 
switched in. The HI7191 then takes 3 conversion cycles to 
sample the data and update the Positive Full Scale Calibra- 
tion Register. Next the polarity of the reference voltage 
across the Vin and Vino terminals is reversed and after 3 
conversion cycles the Negative Full Calibration Register is 
updated. The values stored in the Positive and Negative Full 
Scale Calibration Registers correct for any internal gain 
errors in the A/D transfer function. After 3 more conversion 
cycles, the DRDY line will activate signaling that the 
calibration is complete and valid data is present in the Data 
Output Register. 


System Gain Calibration Mode 


The Gain Calibration Mode is a single step process that 
updates the Positive and Negative Full Scale Calibration Reg- 
isters. This mode will convert the external differential signal 
applied to the Vjjy inputs and then store that value in the Nega- 
tive Full Scale Calibration Register. Then the polarity of the 
input is reversed internally and another conversion is per- 
formed. This conversion result is written to the Positive Full 
Scale Calibration Register. The user must apply the +Full 
Scale voltage to the HI7191 analog inputs and allow the signal 
to settle before selecting this mode. After 1 more conversion 
period the DRDY line will activate signaling the calibration is 
complete and valid data is present in the data output register. 


Reserved 


This mode is not used in the HI7191 and should not be 
selected. There is no internal detection logic to keep this 
condition from being selected and care should be taken not 
to assert this bit combination. 


Offset and Span Limits 


There are limits to the amount of offset and gain which can 
be adjusted out for the HI7191. For both bipolar and unipolar 


modes the minimum and maximum input spans are 0.2 x 
Vrer/GAIN and 1.2 x VpaeF/GAIN respectively. 


In the unipolar mode the offset plus the span cannot exceed 
the 1.2 xX VageF/GAIN limit. So, if the span is at its minimum 
value of 0.2 x Vper/GAIN, the offset must be less than 1 x 
VreF/GAIN. In bipolar mode the span is equidistant around 
the voltage used for the zero scale point. For this mode the 
offset plus half the span cannot exceed 1.2 x Vrer/GAIN. If 
the span is at +0.2 x Vper/GAIN, then the offset can not be 
greater than +2 x Vper/GAIN. 


Serial Interface 


The HI7191 has a flexible, synchronous serial communication 
port to allow easy interfacing to many industry standard micro- 
controllers and microprocessors. The serial I/O is compatible 
with most synchronous transfer formats, including both the 
Motorola 6805/11 SPI and Intel 8051 SSR protocols. The 
Serial Interface is a flexible 2-wire or 3-wire hardware interface 
where the HI7191 can be configured to read and write on a 
single bidirectional line (SDIO) or configured for writing on 
SDIO and reading on the SDO line. 


The interface is byte organized with each register byte 
having a specific address and single or multiple byte trans- 
fers are supported. In addition, the interface allows flexibility 
as to the byte and bit access order. That is, the user can 
specify MSB/LSB first bit positioning and can access bytes 
in ascending/descending order from any byte position. 


The serial interface allows the user to communicate with 5 
registers that control the operation of the device. 


Data Output Register - a 24-bit, 
containing the conversion results. 


read-only register 


Control Register - a 24-bit read/write register containing the 
setup and operating modes of the device. 


Offset Calibration Register - a 24-bit, read/write register 
used for calibrating the zero point of the converter or system. 


Positive Full Scale Calibration Register - a 24-bit, 
read/write register used for calibrating the Positive Full Scale 
point of the converter or system. 


Negative Full Scale Calibration Register - a 24-bit, 
read/write register used for calibrating the Negative Full 
Scale point of the converter or system. 


Two clock modes are supported. The HI7191 can accept the 
serial interface clock (SCLK) as an input from the system or 
generate the SCLK signal as an output. If the MODE pin is 
logic low the HI7191 is in external clocking mode and the 
SCLK pin is configured as an input. In this mode the user 
supplies the serial interface clock and all interface timing 
specifications are synchronous to this input. If the MODE pin 
is logic high the HI7191 is in self-clocking mode and the 
SCLK pin is configured as an output. In self-clocking mode, 
SCLK runs at FsciK = OSC;/8 and stalls high at byte 
boundaries. SCLK does NOT have the capability to stall low 
in this mode. All interface timing specifications are 
synchronous to the SCLK output. 


Normal operation in self-clocking mode is as follows (See 
Figure 13): CS is sampled low on falling OSC; edges. The 
first SCLK transition output is delayed 29 OSC, cycles from 
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the next rising OSC. SCLK transitions eight times and then 
stalls high for 28 OSC, cycles. After this stall period is com- 
pleted SCLK will again transition eight times and stall high. 
This sequence will repeat continuously while CS is active. 


The extra OSC, cycle required when coming out of the CS 
inactive state is a one clock cycle latency required to prop- 
erly sample the CS input. Note that the normal stall at byte 
boundaries is 28 OSC, cycles thus giving a SCLK rising to 
rising edge stall period of 32 OSC, cycles. 


The affects of CS on the I/O are different for self-clocking 
mode (MODE = 1) than for external mode (MODE = 0). For 
external clocking mode CS inactive disables the |/O state 
machine, effectively freezing the state of the I/O cycle. That 
is, an I/O cycle can be interrupted using chip select and the 
HI7191 will continue with that I/O cycle when re-enabled via 
CS. SCLK can continue toggling while CS is inactive. If CS 
goes inactive during an I/O cycle, it is up to the user to 
ensure that the state of SCLK is identical when reactivating 
CS as to what it was when CS went inactive. For read opera- 
tions in external clocking mode, the output will go three-state 
immediately upon deactivation of CS. 


For self-clocking mode (MODE = 1), the affects of CS are 
different. If CS transitions high (inactive) during the period 
when data is being transferred (any non stall time) the HI7191 
will complete the data transfer to the byte boundary. That is, 
once SCLK begins the eight transition sequence, it will always 
complete the eight cycles. If CS remains inactive after the byte 
has been transferred it will be sampled and SCLK will remain 
stalled high indefinitely. If CS has returned to active low before 
the data byte transfer period is completed the HI7191 acts as 
if CS was active during the entire transfer period. 


It is important to realize that the user can interrupt a data 
transfer on byte boundaries. That is, if the Instruction Regis- 
ter calls for a 3 byte transfer and CS is inactive after only one 
byte has been transferred, the HI7191, when reactivated, will 
continue with the remaining two bytes before looking for the 
next Instruction Register write cycle. 


Note that the outputs will NOT go three-state immediately 
upon CS inactive for read operations in self-clocking mode. 
In the case of CS going inactive during a read cycle the out- 
puts remain driving until after the last data bit is transferred. 
In the case of CS inactive during the clock stall time it takes 
1 OSC, cycle plus prop delay (maximum) for the outputs to 
be disabled. 


I/O Port Pin Descriptions 


The serial I/O port is a bidirectional port which is used to 
read the data register and read or write the control register 
and calibration registers. The port contains two data lines, a 
synchronous clock, and a status flag. Figure 12 shows a 
diagram of the serial interface lines. 


DATA OUT «+————/SDO 

BIDIRECTIONAL DATA <—> | SDIO 

PORT CLOCK «—» |SCLK 

CHIP SELECT —————» |CS ve 
DEVICE STATUS «<—————-/ DRDY 


CLOCK MODE ————> | MODE 


FIGURE 13. HI7191 SERIAL INTERFACE 


SDO - Serial Data out. Data is read from this line using those 
protocols with separate lines for transmitting and receiving 
data. An example of such a standard is the Motorola Serial 
Peripheral Interface (SPI) using the 68HCO5 and 68HC11 
family of microcontrollers, or other similar processors. In the 
case of using bidirectional data transfer on SDIO, SDO does 
not output data and is set in a high impedance state. 


SDIO - Serial Data in or out. Data is always written to the 
device on this line. However, this line can be used as a bidi- 
rectional data line. This is done by properly setting up the 
Control Register. Bidirectional data transfer on this line can 
be used with Intel standard serial interfaces (SSR, Mode 0) 
in MCS51 and MCS96 family of microcontrollers, or other 
similar processors. 


SCLK - Serial clock. The serial clock pin is used to synchro- 
nize data to and from the HI7191 and to run the port state 
machines. In Synchronous External Clock Mode, SCLK is 
configured as an input, is supplied by the user, and can run 
up to a 5MHz rate. In Synchronous Self Clocking Mode, 
SCLK is configured as an output and runs at OSC 4/8. 


CS - Chip select. This signal is an active low input that 
allows more than one device on the same serial communica- 
tion lines. The SDO and SDIO will go to a high impedance 
state when this signal is high. If driven high during any 
communication cycle, that cycle will be suspended until CS 
reactivation. Chip select can be tied low in systems that 
maintain control of SCLK. 


DRDY - Data Ready. This is an output status flag from the 
device to signal that the Data Output Register has been 
updated with the new conversion result. DRDY is useful as an 
edge or level sensitive interrupt signal to a microprocessor or 
microcontroller. DRDY low indicates that new data is available 
at the Data Output Register. DRDY will return high upon 
completion of a complete Data Output Register read cycle. 


MODE - Mode. This input is used to select between 
Synchronous Self Clocking Mode (‘1’) or the Synchronous 
External Clocking Mode (‘0’). When this pin is tied to VDD the 
serial port is configured in the Synchronous Self Clocking 
mode where the synchronous shift clock (SCLK) for the serial 
port is generated by the HI7191 and has a frequency of 
OSC1/8. When the pin is tied to DGND the serial port is con- 
figured for the Synchronous External Clocking Mode where 


29 33 37 44 45 89 121 125 
osc; FLFLFL SLL LLL Lk, 
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FIGURE 12. SCLK OUTPUT IN SELF CLOCKING MODE 
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the synchronous shift clock for the serial port is generated by 
an external device up to a maximum frequency of 5MHz. 


Programming the Serial Interface 


It is useful to think of the HI7191 interface in terms of 
communication cycles. Each communication cycle happens 
in 2 phases. The first phase of every communication cycle is 
the writing of an instruction byte. The second phase is the 
data transfer as described by the instruction byte. It is 
important to note that phase 2 of the communication cycle 
can be a single byte or a multi-byte transfer of data. For 
example, the 3 byte Data Output Register can be read using 
one multi-byte communication cycle rather than three single 
byte communication cycles. It is up to the user to maintain 
synchronism with respect to data transfers. If the system 
processor “gets lost” the only way to recover is to reset the 
HI7191. Figure 14 shows both a 2-wire and a 3-wire data 
transfer. 


Several formats are available for reading from and writing to 
the HI7191 registers in both the 2-wire and 3-wire protocols. 
A portion of these formats is controlled by the CR<2:1> (BD 
and MSB) bits which control the byte direction and bit order 
of a data transfer respectively. These two bits can be written 
in any combination but only the two most useful will be 
discussed here. 


The first combination is to reset both the BD and MSB bits 
(BD = 0, MSB = 0). This sets up the interface for descending 
byte order and MSB first format. When this combination is 
used the user should always write the Instruction Register 
such that the starting byte is the most significant byte address. 
For example, read three bytes of DR starting with the most sig- 
nificant byte. The first byte read will be the most significant in 
MSB to LSB format. The next byte will be the next least signifi- 
cant (recall descending byte order) again in MSB to LSB order. 
The last byte will be the next lesser significant byte in MSB to 
LSB order. The entire word was read MSB to LSB format. 


The second combination is to set both the BD and MSB bits to 
1. This sets up the interface for ascending byte order and LSB 
first format. When this combination is used the user should 
always write the Instruction Register such that the starting 
byte is the least significant byte address. For example, read 
three bytes of DR starting with the least significant byte. The 
first byte read will be the least significant in LSB to MSB for- 
mat. The next byte will be the next greater significant (recall 
ascending byte order) again in LSB to MSB order. The last 
byte will be the next greater significant byte in LSB to MSB 
order. The entire word was read MSB to LSB format. 
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FIGURE 14A. 2-WIRE, 3 BYTE READ OR WRITE TRANSFER 
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FIGURE 14B. 3-WIRE, 3 BYTE READ TRANSFER 
FIGURE 14. 


Instruction Byte Phase 


The instruction byte phase initiates a data transfer 
sequence. The processor writes an 8-bit byte (Instruction 
Byte) to the Instruction Register. The instruction byte informs 
the HI7191 about the Data transfer phase activities and 
includes the following information: 


- Read or Write cycle 
- Number of Bytes to be transferred 
- Which register and starting byte to be accessed 


Data Transfer Phase 

In the data transfer phase, data transfer takes place as set 
by the Instruction Register contents. See Write Operation 
and Read Operation sections for detailed descriptions. 
Instruction Register 


The Instruction Register is an 8-bit register which is used 
during a communications cycle for setting up read/write 
operations. 


INSTRUCTION REGISTER 
MSB 6 5 4 3 2 1 LSB 
ror Pos Twos ToT Te Ta To 
R/W - Bit 7 of the Instruction Register determines whether a 


read or write operation will be done following the instruction 
byte load. 0 = READ, 1 = WRITE. 


MB1, MBO - Bits 6 and 5 of the Instruction Register 
determine the number of bytes that will be accessed follow- 
ing the instruction byte load. See Table 7 for the number of 
bytes to transfer in the transfer cycle. 


TABLE 7. MULTIPLE BYTE ACCESS BITS 
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Transfer 3 Bytes 
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FSC - Bit 4 is used to determine whether a Positive Full 
Scale Calibration Register I/O transfer (FSC = 0) or a Nega- 
tive Full Scale Calibration Register I/O transfer (FSC = 1) is 
being performed (see Table 8). 


A3, A2, A1, AO - Bits 3 and 2 (A3 and A2) of the Instruction 
Register determine which internal register will be accessed 
while bits 1 and 0 (A1 and AO) determine which byte of that 
register will be accessed first. See Table 8 for the address 
decode. 


TABLE 8. INTERNAL DATA ACCESS DECODE STARTING BYTE 
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TABLE 8. INTERNAL DATA ACCESS DECODE STARTING BYTE 
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Write Operation 


Data can be written to the Control Register, Offset 
Calibration Register, Positive Full Scale Calibration Register, 
and the Negative Full Scale Calibration Register. Write oper- 
ations are done using the SDIO, CS and SCLK lines only, as 
all data is written into the HI7191 via the SDIO line even 
when using the 3-wire configuration. Figures 15 and 16 
show typical write timing diagrams. 


DATA TRANSFER PHASE - TWO BYTE WRITE 


22K BIKER 1 KEKE 13KB1 KE 15) 


THREE-STATE 


FIGURE 15. DATA WRITE CYCLE, SCLK IDLE LOW 


DATA TRANSFER PHASE - TWO BYTE WRITE 


B15 


GG), Gia Ca a> .® 


THREE-STATE 


FIGURE 16. DATA WRITE CYCLE, SCLK IDLE HIGH 
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DATA TRANSFER PHASE - TWO BYTE READ 
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FIGURE 17. DATA READ CYCLE, 3-WIRE CONFIGURATION, SCLK IDLE LOW 
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DATA TRANSFER PHASE - TWO BYTE READ 
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FIGURE 18. DATA READ CYCLE, 3-WIRE CONFIGURATION, SCLK IDLE HIGH 
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DATA TRANSFER PHASE - TWO BYTE READ 
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FIGURE 19. DATA READ CYCLE, 2-WIRE CONFIGURATION, SCLK IDLE LOW 
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DATA TRANSFER PHASE - TWO BYTE READ 
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THREE-STATE 


FIGURE 20. DATA READ CYCLE, 2-WIRE CONFIGURATION, SCLK IDLE HIGH 


The communication cycle is started by asserting the CS line 
low and starting the clock from its idle state. To assert a write 
cycle, during the instruction phase of the communication cycle, 


the Instruction Byte should be set to a write transfer (R/W = 1). 


When writing to the serial port, data is latched into the HI7191 
on the rising edge of SCLK. Data can then be changed on the 
falling edge of SCLK. Data can also be changed on the rising 
edge of SCLK due to the Ons hold time required on the data. 
This is useful in pipelined applications where the data is 
latched on the rising edge of the clock. 


Read Operation - 3-Wire Transfer 


Data can be read from the Data Output Register, Control 
Register, Offset Calibration Register, Positive Full Scale Cal- 
ibration Register, and the Negative Full Scale Calibration 
Register. When configured in 3-wire transfer mode, read 
operations are done using the SDIO, SDO, CS and SCLK 
lines. All data is read via the SDO line. Figures 17 and 18 
show typical 3-wire read timing diagrams. 


The communication cycle is started by asserting the CS line 
and starting the clock from it’s idle state. To assert a read cycle, 
during the instruction phase of the communication cycle, the 
Instruction Byte should be set to a read transfer (R/W = 0). 


When reading the serial port, data is driven out of the 
HI7191 on the falling edge of SCLK. Data can be registered 
externally on the next rising edge of SCLK. 


Read Operation - 2-Wire Transfer 


Data can be read from the Data Output Register, Control 
Register, Offset Calibration Register, Positive Full Scale Cal- 
ibration Register, and the Negative Full Scale Calibration 
Register. When configured in two wire transfer mode, read 
operations are done using the SDIO, CS and SCLK lines. All 
data is read via the SDIO line. Figures 19 and 20 show 
typical 2-wire read timing diagrams. 


The communication cycle is started by asserting the CS line 
and starting the clock from it’s idle state. To assert a read cycle, 
during the instruction phase of the communication cycle, the 
Instruction Byte should be set to a read transfer (R/W = 0). 


When reading the serial port, data is driven out of the 
HI7191 on the falling edge of SCLK. Data can be registered 
externally on the next rising edge of SCLK. 


Detailed Register Descriptions 


Data Output Register 
The Data Output Register contains 24-bits of converted 
data. This register is a read only register. 
BYTE 2 
MSB 22 2 20 19 18 17 1 


1 6 
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BYTE 1 
15 14 13 12 11 10 9 8 
pos Pow] ow [om [on] ow] os | 8 
BYTE 0 


7 6 5 4 3 2 1 LSB 
[or [os [0s To [oa Toe [oi] 00 | 
Control Register 


The Control Register contains 24-bits to control the various 
sections of the HI7191. This register is a read/write 
register. 


BYTE 2 
MSB 22 21 20 19 18 17 16 
BYTE 1 
15 14 13 12 11 10 9 8 
[res] ree | rer [Fro [woe [ wor [woo | ou 
BYTE 0 


7 6 5 4 3 2 1 LSB 


DC - Bit 23 is the Data Coding Bit used to select between 
two’s complementary and offset binary data coding. When 
this bit is set (DC = 1) the data in the Data Output Register will 
be two’s complement. When cleared (DC = 0) this data will be 
offset binary. When operating in the unipolar mode the output 
data is available in straight binary only (the DC bit is ignored). 
This bit is cleared after a RESET is applied to the part. 


FP10 through FPO - Bits 22 through 12 are the Filter 
programming bits that determine the frequency response of 
the digital filter. These bits determine the filter cutoff fre- 
quency, the position of the first notch and the data rate of the 
HI7191. The first notch of the filter is equal to the decimation 
rate and can be determined by the formula: 


fNOTCH = fosc /(512 x CODE), 


where CODE is the decimal equivalent of the value in FP10 
through FPO. The values that can be programmed into these 
bits are 10 to 2047 decimal, which allows a conversion rate 
range of 9.54Hz to 1.953kHz when using a 10MHz clock. 


Changing the filter notch frequency, as well as the selected 
gain, impacts resolution. The output data rate (or effective 
conversion time) for the device is equal to the frequency 
selected for the first notch to the filter. For example, if the first 
notch of the filter is selected at 50Hz then a new word is avail- 
able at a 50Hz rate or every 20ms. If the first notch is at 1kHz 
a new word is available every 1ms. 


The settling-time of the converter to a full scale step input 
change is between 3 and 4 times the data rate. For example, 
with the first filter notch at 50Hz, the worst case settling time to 
a full-scale step input change is 80ms. If the first notch is 1kHz, 
the settling time to a full-scale input step is 4ms maximum. 


The -3dB frequency is determined by the programmed first 
notch frequency according to the relationship: 


f agp = 0.262 x fNoTCH- 


MD2 through MDO0 - Bits 11 through 9 are the Operational 
Modes of the converter. See Table 6 for the Operational 
Modes description. After a RESET is applied to the part these 
bits are set to the self calibration mode. 


B/U - Bit 8 is the Bipolar/Unipolar select bit. When this bit is 
set the HI7191 is configured for bipolar operation. When this 
bit is reset the part is in unipolar mode. This bit is set after a 
RESET is applied to the part. 


G2 through GO - Bits 7 through 5 select the gain of the input 
analog signal. The gain is accomplished through a programma- 
ble gain instrumentation amplifier that gains up incoming 
signals from 1 to 8. This is achieved by using a switched capac- 
itor voltage multiplier network preceding the modulator. The 
higher gains (i.e., 16 to 128) are achieved through a combina- 
tion of a PGIA gain of 8 and a digital multiply after the digital 
filter (see Table 9). The gain will affect noise and Signal to 
Noise Ratio of the conversion. These bits are cleared to a gain 
of 1 (G2, G1, GO = 000) after a RESET is applied to the part. 


TABLE 9. GAIN SELECT BITS 


G2 | Gi | Go | GAIN | GAINACHIEVED _| 
| o | of of 1 PGIA = 1, Filter Multiply = 1 

po fo ft | 2 | PGIA=2, Filter Multiply = 1 
pt fo | 4 | PGIA=4, Filter Multiply = 1 | 
pt ft | 8 | PGIA=8, Filter Multiply = 1 
| 0 | 16 | PGIA=8, Filter Multiply = 2 
| 0 | 64 [ PGIA= 8, Filter Multiply = 8 


BO - Bit 4 is the Transducer Burn-Out Current source enable 
bit. When this bit is set (BO = 1) the burn-out current source 
connected to Vin) internally is enabled. This current source 
can be used to detect the presence of an external connection to 
ViINHI- This bit is cleared after a RESET is applied to the part. 


SB - Bit 3 is the Standby Mode enable bit used to put the 
HI7191 in a lower power/standby mode. When this bit is set 
(SB = 1) the filter nodes are halted, the DRDY line is set high 
and the modulator clock is disabled. When this bit is cleared 
the HI7191 begins operation as described by the contents of 
the Control Register. For example, if the Control Register is 
programmed for Self Calibration Mode and a notch frequency 
to 10Hz, the HI7191 will perform the self calibration before 
providing the data at the 10Hz rate. This bit is cleared after a 
RESET is applied to the part. 


BD - Bit 2 is the Byte Direction bit used to select the multi-byte 
access ordering. The bit determines the either ascending or 
descending order access for the multi-byte registers. When 
set (BD = 1) the user can access multi-byte registers in 
ascending byte order and when cleared (BD = 0) the multi- 
byte registers are accessed in descending byte order. This bit 
is cleared after a RESET is applied to the part. 


a 
<a 


MSB - Bit 1 is used to select whether a serial data transfer is 
MSB or LSB first. This bit allows the user to change the order 
that data can be transmitted or received by the HI7191. When 
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this bit is cleared (MSB = 0) the MSB is the first bit in a serial 
data transfer. If set (MSB = 1), the LSB is the first bit trans- 
ferred in the serial data stream. This bit is cleared after a 
RESET is applied to the part. 


SDL - Bit 0 is the Serial Data Line control bit. This bit selects 
the transfer protocol of the serial interface. When this bit is 
cleared (SDL = 0), both read and write data transfers are done 
using the SDIO line. When set (SDL = 1), write transfers are 
done on the SDIO line and read transfers are done on the SDO 
line. This bit is cleared after a RESET is applied to the part. 


Reading the Data Output Register 


The HI7191 generates an active low interrupt (DRDY) indicat- 
ing valid conversion results are available for reading. At this 
time the Data Output Register contains the latest conversion 
result available from the HI7191. Data integrity is maintained 
at the serial output port but it is possible to miss a conversion 
result if the Data Output Register is not read within a given 
period of time. Maintaining data integrity means that if a Data 
Output Register read of conversion N is begun but not 
finished before the next conversion (conversion N + 1) is com- 
plete, the DRDY line remains active low and the data being 
read is not overwritten. 


In addition to the Data Output Register, the HI7191 has a one 
conversion result storage buffer. No conversion results will be 
lost if the following constraints are met. 


1) A Data Output Register read cycle is started for a given 
conversion (conversion X) 1/fy - (128*1/fosc) after DRDY ini- 
tially goes active low. Failure to start the read cycle may result 
in conversion X + 1 data overwriting conversion X results. For 
example, with fosc = 10MHz, fry = 2kHz, the read cycle must 
start within 1/2000 - 128(1/1 0°) = 487us after DRDY went low. 


2) The Data Output Register read cycle for conversion X must 
be completed within 2(1/fy)-1440(1/fosc) after DRDY initially 
goes active low. If the read cycle for conversion X is not com- 
plete within this time the results of conversion X + 1 are lost 
and results from conversion X + 2 are now stored in the data 
output word buffer. 


Completing the Data Output Register read cycle inactivates 
the DRDY interrupt. If the one word data output buffer is full 
when this read is complete this data will be immediately trans- 
ferred to the Data Output Register and a new DRDY interrupt 
will be issued after the minimum DRDY pulse high time is met. 


Writing the Control Register 


lf data is written to byte 2 and/or byte 1 of the Control Register 
the DRDY output is taken high and the device re-calibrates if 
written to a calibration mode. This action is taken because it is 
assumed that by writing byte 2 or byte 1 that the user either 
reprogrammed the filter or changed modes of the part. How- 
ever, if a single data byte is written to byte 0, it is assumed that 
the gain has NOT been changed. It is up to the user to re-cali- 
brate the HI7191 after the gain has been changed by this 
method. It is recommended that the entire Control Register be 
written to when changing the selected gain. This ensures that 
the part is re-calibrated before the DRDY signal goes low 
indicating valid data is available. 
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Offset Calibration Register 


The Offset Calibration Register is a 24-bit register containing 
the offset correction factor. This register is indeterminate on 
power-up but will contain a Self Calibration correction value 
after a RESET has been applied. 

BYTE 2 


MSB 22 21 20 19 18 17 16 
[oes | 0% [ot [om [ows ore [ow] oe 
BYTE 1 
15 14 13 12 11 10 9 8 
Pos Tow [ows Pow [on] ow] o | oF 
BYTE O 

4 3 2 1 


7 6 5 LSB 
| 07 | 06 | os | o | 03 | o2 | ot | 00 | 


The Offset Calibration Register holds the value that corrects 
the filter output data to all O’s when the analog input is OV. 


Positive Full Scale Calibration Register 


The Positive Full Scale Calibration Register is a 24-bit regis- 
ter containing the Positive Full Scale correction coefficient. 
This coefficient is used to determine the positive gain slope 
factor. This register is indeterminate on power-up but will 
contain a Self Calibration correction coefficient after a 
RESET has been applied. 

BYTE 2 


MSB 22 21 20 19 18 17 16 
2 
BYTE 1 
15 14 13 12 11 10 9 8 
BG AC 
BYTE 0 


7 6 5 4 3 2 1 
Pr [Pe | Pe Pe Pe re | 


Negative Full Scale Calibration Register 


LSB 


The Negative Full Scale Calibration Register is a 24-bit 
register containing the Negative Full Scale correction coeffi- 
cient. This coefficient is used to determine the negative gain 
slope factor. This register is indeterminate on power-up but 
will contain a Self Calibration correction coefficient after a 
RESET has been applied. 


BYTE 2 
MSB 22 21 20 19 18 17 16 
Nee | nae [Net] Neo] Ne] Nie] NIT] NIE 
BYTE 1 


18 14 13 12 11 10 9 8 
TNS | Ne TNS [Nie TT] NTO] NO] 
BYTE O 
6 S 4 3 2 1 LSB 


F i 
CAT TNS TNS TNT NS TNT NO 


& 


Die Characteristics 
DIE DIMENSIONS: 
3550um x 6340um 


METALLIZATION: 


Type: Al, 1% Cu 
Thickness: Metal 2, 16kA 
Metal 1, 6kA 


Metallization Mask Layout 


ee H 


HI7191 


SUBSTRATE POTENTIAL (Powered Up): 


AVss 


PASSIVATION: 
Type: Sandwich 
Thickness: Nitride 8kA 
USG 1kA 
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Communication Interface Data Sheets 


HIN200 thru HIN213  +5V Powered RS-232 Transmitters/Receivers with 0.1Microfarad External Capacitors........ 


HIN202E thru +/-15kV, ESD-Protected, +5V Powered, RS-232 Transmitters/Receivers .................. 
HIN213E 

HIN230 thru HIN241 +5V Powered RS-232 Transmitters/Receivers ............ cc eee eee eens 
HIN232A High Speed, +5V, RS-232 Transmitter/Receiver with 0.1Microfarad External Capacitor....... 
ICL232 +5V Powered, Dual RS-232 Transmitter/Receiver .............. cece ee eee eens 
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COMMUNICATION 
INTERFACE 


RS-232 INTERFACE FAMILY 


PART NO. POWER SUPPLY DRIVERS | RECEIVERS | SHUTDOWN | THREE-STATE | NO.OF PINS | KBITS/s CAPS ON LEADFRAME 
0 


HIN200 +5 20-lead 12 


a 
© 
7) 


\ 


24-lead 120 
1 


< 
o 
” 


HIN239 +5V/+12V 
HIN241 +5V 
15kV ESD-Protected, RS-232 Serial Port 
HIN202E 
HIN203E 
HIN205E 
HIN207E 
HIN208E 
HIN211E 
HIN213E +5V 
a OS GO OO 
Ce A OS GS SC rT 
HIN205 +5V Yes Yes 24-lead 120 Yes 
HIN233 +5V 20-lead 120, 
HIN235 +5V 24-lead 120 


28-lead 


~< 
© 
” 
© 
” 

; 
oS 


SPINE) UOI]IBIIS 


PHIN20O | Ee ee  cintiadiaeniin, Ndi 
os OOO QO 
+5V ss en 
+5V es ce 
+8V a a a ee ee Yes ee 
pHinzo7 fy Nea tN 
pHingos YANN ea | tN 
pHIN2cg | eevatey fT TNT ves S| tea | to NO 
+8V a eee Yes of No 
+8V ee ee Yes Es 
+5V es es OO 
pHIN2s) | evtov NN toad | to NO 
pHinas2icies2 |v | NT teag | to NO 
pHIngss PN tea | tz 
+5V a 
+5V ee es 
+5V a Se ee 
PHINZSS a a a a a ee | 24lead | a ee 
PHIN2S| eee a ee a | 26-lead | re Ae ieee 

aS 


16-lead 23 
20-lead 230 
Yes 24-lead 
24-lead 230 
24-lead 230 
28-lead 230 
28-lead 230 
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w@ HARRIS HIN200 thru HIN213 


+5V Powered RS-232 Transmitters/Receivers 


August 1997 with 0.1Microfarad External Capacitors 
Features Description 
e Meets All RS-232E and V.28 Specifications The HIN200-HIN213 family of RS-232 transmitters/receivers 


; interface circuits meet all EIA RS-232E and V.28 specifications, 
¢ HIN203 and HIN205 Require No External Capacitors and are particularly suited for those applications where +12V is 


e Requires Only 0.1,.F or Greater External Capacitors not available. They require a single +5V power supply (except 
HIN201 and HIN209) and feature onboard charge pump volt- 

¢ 120kbit/s Data Rate age converters which generate +10V and -10V supplies from 
¢ Two Receivers Active in Shutdown Mode (HIN213) the 5V supply. The HIN203 and HIN205 require no external 
capacitors and are ideally suited for applications where circuit 

e Requires Only Single +5V Power Supply board space is critical. The family of devices offers a wide vari- 
- (+5V and +12V - HIN201 and HIN209) ety of RS-232 transmitter/receiver combinations to accommo- 


date various applications (see Selection Table). 


The HIN200, HIN206, HIN211 and HIN213 feature a low 
¢ Low Power Consumption (Typ) ............... SmA power shutdown mode to conserve energy in battery 
powered applications. In addition, the HIN213 provides two 


¢ Onboard Voltage Doubler/Inverter 


e Low Power Shutdown Function (Typ) ........... 1A : ; : : 
active receivers in shutdown mode allowing for easy 
e Three-State TTL/CMOS Receiver Outputs “wakeup” capability. 
¢ Multiple Drivers The drivers feature true TTL/CMOS input compatibility, slew 
- +10V Output Swing for +5V Input rate-limited output, and 300Q power-off source impedance. 


The receivers can handle up to +30V input, and have a 3kQ 
to 7kQ input impedance. The receivers also feature hystere- 
sis to greatly improve noise rejection. 


- 300Q Power-Off Source Impedance 
- Output Current Limiting 


- TTL/CMOS Compatible 
- 30V/us Maximum Slew Rate Applications 
¢ Multiple Receivers e Any System Requiring RS-232 Communications Port 
- +30V Input Voltage Range - Computer - Portable, Mainframe, Laptop 
- 3kQ to 7kQ Input Impedance - Peripheral - Printers and Terminals 
- 0.5V Hysteresis to Improve Noise Rejection - Instrumentation 


- Modems 


Selection Table 


NUMBER OF NUMBER OF 

NUMBER OF | NUMBER OF 0.1,.F LOW POWER RECEIVERS 
RS-232 EXTERNAL SHUTDOWN/TTL ACTIVE IN 

RECEIVERS CAPACITORS THREE-STATE SHUTDOWN 


+5V and +9V to 13.2V 2 Capacitors 


COMMUNICATION 
INTERFACE 


4 Capacitors 
4 Capacitors 
+5V and +9V to 13.2V 2 Capacitors 


4 Capacitors 
4 Capacitors 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3980.6 
Copyright © Harris Corporation 1997 8-3 


+5V i 
+5V 
+5V i 
+5V 

4 Capacitors 
+5V i 

i 


HIN200 thru HIN213 


Ordering Information 


PART NO. | RANGE (°C) 

HIN202CP E16.3 
HIN202CB M16.3 
HIN202IP E16.3 
HIN202CA M16.209 
HIN2021A M16.209 
HIN2021B M16.3 
HIN202CBN M16.15 
HIN2021BN M16.15 
HIN203CB M20.3 
HIN204CB M16.3 
HIN2041B M16.3 
HIN205CP E24.3 
HIN206CP E24.3 
HIN206CA M24.209 
HIN206IP E24.3 
HIN2061B M24.3 
HIN2061A M24.209 
HIN207CP E24.3 


Pin Descriptions 


a <4 ~< 
—= if —/] po 
oon mom ma) 
Ww] wd 


[Tour _|FersniterOupuls. These we AS22 eves GoninalysIO 
a ee 


are placed in a high impedance state. 
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Power Supply Input 5V +10%, 5V +5% (HIN200, HIN207, HIN203, and HIN205). 
Internally generated positive supply (+10V nominal), HIN201 and HIN209 requires +9V to +13.2V. 


Internally generated negative supply (-10V nominal). 
Ground lead. Connect to OV. 


Enable input. This is an active low input which enables the receiver outputs. With EN = 5V, (HIN213 EN = OV), the outputs 


Shutdown Input. With SD = 5V (HIN213 SD = OV), the charge pump is disabled, the receiver outputs are in a high impedance 
state (except R4 and R5 of HIN213) and the transmitters are shut off. 


No Connect. No connections are made to these leads. 


FP 2 a 
PARTNO. | RANGE (°C) 


HIN200 thru HIN213 


Pinouts 


HIN200 (SOIC) HIN201 (SOIC) 
TOP VIEW TOP VIEW 


T3OUT 
T10OUT 
T2OUT 
T2iN 
T1IN 
GND 
Vec 
Ci+ 
V+ 

Ci- 


+5V 
+5V +9V TO +13.2V 


Vcc 


0.1,F +5V TO 10V 
VOLTAGE DOUBLER 


+ 
* +12V TO -12V 
0.4uF +10V TO -10V ; 0.1 uF 
‘ VOLTAGE INVERTER VOLTAGE INVERTER 


THIN Tlout Ting 


T2in Tout T2in 


1 
T3in T3our R1out 


T4in T4out 


R2o0utT R2in 


T5in TS5ouT 


SD 


COMMUNICATION 
INTERFACE 
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HIN200 thru HIN213 


Pinouts (Continued) 


HIN202 (PDIP, SOIC, SSOP) HIN203 (PDIP, SOIC) 
TOP VIEW TOP VIEW 
T2iNn 20} R2out 
T1)N 2] 19 R2in 


R1out | 3] 18] T2ouT 
Rin | 4) V- 
Tlout [5] 16] C2- 
GND [6 15] C2+ 
Voc 14] V+ (C1-) 
(V+) C1+ 43] C1-(C1+) 
GND | 9] 12] V- (C2+) 
(V-) C2- 41] C2+ (C2-) 


NOTE: Pin numbers in parentheses are for SOIC Package. 


+5V 


0.1uF 
C1 
0.1,F . +5V TO 10V * 

c1. VOLTAGE INVERTER Y* 


T1IN Tlout 


R2outT 
8 (13) 


T2ouT NO 
connect '3(14) 


R2in 


T2in 


Rin INTERNAL '7 (10) 


-10V 
SUPPLY 


INTERNAL 44 (8) 
+10V 
Rin SUPPLY 


Riout 


R2outT 
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HIN200 thru HIN213 


Pinouts (Continued) 


HIN204 (SOIC) 
TOP VIEW 


+5V 


Ci+ Vec 


+5V TO 10V 
Ci- VOLTAGE DOUBLER 


Cc 
+10V TO -10V v2 
Cp. VOLTAGEINVERTER * 
TI 


1 
2 
2 
5 
400k22 ee 1 


+ 
+5V 


TIN 


T2iN 


T3in T3ouT 


T4in 


T4ouT 


HIN205 (PDIP) 
TOP VIEW 


| 
ah 


400kQ 


> 
a 


Tin 


T2in 


+ 
w 


T3in 


T4in 


T5iN 


Riout 


5 


R2outT 


R3ouT 


R4out 
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R4in 


R5in 


SD 


COMMUNICATION 
INTERFACE 


HIN200 thru HIN213 


Pinouts (Continued) 


HIN206 (PDIP, SOIC, SSOP) HIN207 (PDIP, SOIC, SSOP) 
TOP VIEW TOP VIEW 
T3our L1 < T3out L1 
Tour 2! Tout [2. 
T2ouT El T2ouT L3 | 
Rin | 4 Rtn [4] 
Riout EN R1out 5! 
T2in T2in [6] 


T11N 
GND 
Veo 
Ci+ 
V+ 
C1- 


Tin 


C1- 


+5V +5V 
0.1yF 0.1 uF 
+ + 
0.1),F +5V TO 10V 0.1),F +5V TO 10V 
VOLTAGE DOUBLER VOLTAGE DOUBLER 
+ + 
O4uF cet +10V TO -10V 145 + +10V TO -10V 15 
. 14 VOLTAGE INVERTER OLE AR 44 VOLTAGE INVERTER "I 
C2- BE 0.1,F C2- 0.1,F 
+ + 
re T1 ,= +5V T1 , ai 
7 400k == 
T1iN - ; Tlout T1n : - T1out 
+5V T2 +5V T2 
400kQ 
Ty fe : Tout TE eer We : Tout 
. wig AS T3 ; +5V T3 
400kQ 
T3in Ie : T30uT T3yn = ie . , T30uT 
ae S +5V T4 
19 24 400kQ 
T4in = i : = T4ouT 


4 
R1 IN +5V 


R1out 
T5in 21 
5 
23 Riout 
R2in 


> 
So 
z 
- 
; ai 
wd 
oO 
-| 
£43) 
oO 
Cc 
ear 


> 
P) 
= 
2 


R2out Ri SkQ 
22 = 23 
16 R2out : “@ R2n 
R3oQuT R3in R2 5kQ 
21 
EN SD 17 _ 16 
R3outT . R3in 
R3 5kQ 
8 — 
= GND 
8 
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HIN200 thru HIN213 


Pinouts (Continued) 


HIN208 (PDIP, SOIC, SSOP) 
TOP VIEW 


HIN209 (PDIP, SOIC, SSOP) 
TOP VIEW 


24] T11N 
T2iN 
22] R2out 
21} R2jn 
20] T2our 
19] Tlour 
18} R3jnq 
R3ouT 
16} T3yn 
15} NC* 
14] EN 

13] T3qurt 


+5V +5V 


0.1yF 


0.1F +5V TO 10V V+ 0.1F 
VOLTAGE DOUBLER 


C2+ 
O.1pF aR” +10V TO -10V 


14 VOLTAGE INVERTER “- 
0.1pF 


rane | t ” 
° wae _ " 
IN 
IN 
T3in . T30QuT R1out 
T4in 21 ati 20 T4out 
Riout : | Riin 
R2our ~q R2iN 
R3ouT - c | R3in 
R4out | Rain 
OTE : 
8 
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+9V TO +13.2V 


R2in 


R3in 


R4in 


R5in 


COMMUNICATION 


INTERFACE 


HIN200 thru HIN213 


Pinouts (Continued) 


HIN211 (SOIC, SSOP) HIN213 (SOIC, SSOP) 
TOP VIEW TOP VIEW 


NOTE: R4 AND RS5 ACTIVE IN SHUTDOWN 


+5V +5V 
11 
0.1 
Vie : 0.1uF 12 Vcc - J uF 
+ 
0.1uF 5V TO 10V OWE AS 44 +5V TO 10V we 
VOLTAGE DOUBLER VOLTAGE DOUBLER 
+10V TO -10V 
0.1uF +10V TO -10V i 0.1nF \V- 
. 16 VOLTAGE INVERTER ™ VOLTAGE INVERTER 
0.1uF 
4 
+5V T1 = 
400kQ = 

THIN Ibe 5 —»> Tlout TIN 

+5V T2 
12) Sf 400k2 S 3 Tout T2in 

+5V T3 

400kQ 

T3iNn = be : : T3o0uT T3iNn 


a1) 400Kn] NS 28 TA 21 ' 28 T4 


R1out . =i R1iny R1out 
R2in R2outT : : | R2in 


\ 


R2outT = ae 
26 27 
26 27 
R3ouT — R3in R3oQuT ne R3in 
R4out | R4in R4out ne R4in 
R5 °C R5 
R5outT oe R5in OUT — IN 
10 10 
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HIN200 thru HIN213 


Absolute Maximum Ratings Thermal Information 
Vee We IOUNG | ocon se crceenaseeeewes (GND -0.3V) <Vc¢ <6V ‘Thermal Resistance (Typical, Note 1) Oya (CCW) 
VSO GIOUNG cvs ci adeced sidnasecned ve (Vcc -0.3V) <V+ < 12V 16 Ld SOIC (N) Package................0002- 115 
We IO GIOUnd.. pac eens eee ears ee ees -12V < V- < (GND +0.3V) 16 Ld SOIC (W) Package ................000. 100 
Input Voltages 16 Ld SSOP Package ................0 eee eee 155 
Ue (V- -0.3V) < Vin < (V+ +0.3V) 16 Ld PDIP Package................c0 eee 90 
2) | eee eer re TTT ee rer ree rec re rere T err et er er ree +30V 20 Ld SOIC Package............... cece ea eee 100 
Output Voltages 24 Ld SOIC Package......... 0.00 ccc uenens 75 
fo) 0) ee (V- -0.3V) < VtxouT < (V+ +0.3V) 24 Ld SSOP PACKHOS ince uk ccsvcase cannes 135 
(00) Ce (GND -0.3V) < VaxouT < (V+ +0.3V) 24 Ld PDIP (N) Package................0005. 75 
Short Circuit Duration 24 Ld PDIP (W) Package................0005. 60 
TOMP + see cee ei vera tewirazaccens dans wena ess Continuous 28 Ld SOIC Package..............-- ee eee eee 70 
L's E; RE RELE EERE CE TTT O ECE T IE Te Te ee recy Continuous 28 Ld SSOP Package ................00ee eee 100 
ESD CIGSSINIGANOR 2c cise case senreaeswee ues ceenewas Class 1 Maximum Junction Temperature (Plastic Package) anaes 150°C 
, ta: Maximum Storage Temperature Range ........... -40°C to 85°C 
Operating Conditions Maximum Lead Temperature (Soldering 10s)............. 300°C 
Temperature Range (SOIC and SSOP - Lead Tips Only) 
ds 4 Wek ee ae tors tinsw ewe eiendas eben 0°C to 70°C 
PUPA MOR wad cee hones ee eseentwebaw de Faas -40°C to 85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 6ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Test Conditions: Vcc = +5V +10%, (Voc = +5V +5% HIN200, HIN203, HIN205, HIN207); V+ = 9V to 
13.2V, HIN201 and HIN209), C1-C4 = 0.1.F; Ta = Operating Temperature Range 


ramen secon Te Te [ma [oe 
" 
HIN211-213 


HIN201 
HIN209 


Ta = 25°C HIN200, HIN205, 
HIN206, HIN211 


Input Logic Low, Ty, EN, Vi Tin, EN, SD, EN, SD = 


=, 
> 


| 


V+ Power Supply Current, loco 


Ss 


—k 


= 


Shutdown Supply Current, I¢¢(SD) 


+30 


Ta= 25°C, VIN = +3V 
Active Mode 


Shutdown Mode 
HIN213 R4 and R5 
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NI 
(2) 


11 
7.0 
1.5 


COMMUNICATION 
INTERFACE 


HIN200 thru HIN213 


Electrical Specifications Test Conditions: Voc = +5V +10%, (Voc = +5V +5% HIN200, HIN203, HIN205, HIN207); V+ = 9V to 
13.2V, HIN201 and HIN209), C1-C4 = 0.1pF; Ta = Operating Temperature Range (Continued) 


PARAMETER TEST CONDITIONS | MIN, | TYP | MAX | UNITS 


Shutdown Mode 1.5 V 
HIN213 R4 and R5 
Receiver Input Hysteresis, Vyyst Voc = 5V V 
No Hysteresis in Shutdown Mode 
TTL/CMOS Receiver Output Voltage Low, Vo, | lout = 1-.6mA 0.1 V 
(HIN201-HIN203, lout = 3.2mA) 
eae 


Transmit, Receive Propagation Delay, tpp 
HIN213 SD = Vcc, R1 - R5 


a 
Ry = 3kQ, HIN200, HIN204 to 
HIN211, HIN213 
= 


” 


n 


Transmit Transition Region Slew Rate, SRy 


< 
77) 


Cy. = 2500pF 
Measured from 

HIN201, HIN202, 
HIN203 


+3V to -3V or 
-3V to +3V 
(Note 1) 


Output Resistance, Royt Voc = V+ = V- = OV, Vout = +2V 
RS-232 Output Short Circuit Current, Isc Tout Shorted to GND 
TTL/CMOS Receiver Output Leakage EN = Vcc, EN =0, OV < Royt <Vec 


NOTE: 
1. Guaranteed by design. 


V/us 


10 
+10 


BEE 


VOLTAGE DOUBLER VOLTAGE INVERTER 


S1 Ci+ $2 V+=2Vcc S5 C2+ $6 
Voc o———o% ; Tt GND 
+ ' + t + t + 
C1 ! C3 ! C2 ; C4 
. _l 


$3! C1- S4l s7! C2- sel 


RC I be { I 
OSCILLATOR 


FIGURE 1. CHARGE PUMP 
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HIN200 thru HIN213 


Detailed Description 


The HIN200 thru HIN213 family of RS-232 transmitters/receiv- 
ers are powered by a single +5V power supply (except HIN201 
and HIN209), feature low power consumption, and meet all EIA 
RS232C and V.28 specifications. The circuit is divided into 
three sections: the charge pump, transmitter, and receiver. 


Charge Pump 


An equivalent circuit of the charge pump is illustrated in 
Figure 1. The charge pump contains two sections: the 
voltage doubler and the voltage inverter. Each section is 
driven by a two phase, internally generated clock to gener- 
ate +10V and -10V. The nominal clock frequency is 
125kHz. During phase one of the clock, capacitor C1 is 
charged to Voc. During phase two, the voltage on C1 is 
added to Vcc, producing a signal across C3 equal to twice 
Vcc. During phase two, C2 is also charged to 2Vcc, and 
then during phase one, it is inverted with respect to ground 
to produce a signal across C4 equal to -2Vcc. The charge 
pump accepts input voltages up to 5.5V. The output 
impedance of the voltage doubler section (V+) is approxi- 
mately 2002, and the output impedance of the voltage 
inverter section (V-) is approximately 450. A typical 
application uses 0.1uF capacitors for C1-C4, however, the 
value is not critical. Increasing the values of C1 and C2 will 
lower the output impedance of the voltage doubler and 
inverter, increasing the values of the reservoir capacitors, 
C3 and C4, lowers the ripple on the V+ and V- supplies. 


During shutdown mode (HIN200, HIN206 and HIN211, 
SD = Vcc, HIN213, SD = OV) the charge pump is turned off, 
V+ is pulled down to Vcc, V- is pulled up to GND, and the 
supply current is reduced to less than 10uA. The transmitter 
outputs are disabled and the receiver outputs (except for 
HIN213, R4 and R85) are placed in the high impedance state. 


Transmitters 


The transmitters are TTL/CMOS compatible inverters which 
translate the inputs to RS-232 outputs. The input logic thresh- 
old is about 26% of Voc, or 1.3V for Voc = SV. A logic 1 at the 
input results in a voltage of between -5V and V- at the output, 
and a logic 0 results in a voltage between +5V and (V+ -0.6V). 
Each transmitter input has an internal 400kQ pullup resistor 
so any unused input can be left unconnected and its output 
remains in its low state. The output voltage swing meets the 
RS-232C specifications of +5V minimum with the worst case 
conditions of: all transmitters driving 3kQ minimum load 
impedance, Voc = 4.5V, and maximum allowable operating 
temperature. The transmitters have an internally limited output 
slew rate which is less than 30V/us. The outputs are short cir- 
cuit protected and can be shorted to ground indefinitely. The 
powered down output impedance is a minimum of 300Q with 
+2V applied to the outputs and Vcc = OV. 


Receivers 


The receiver inputs accept up to +30V while presenting the 
required 3kQ to 7kQ input impedance even if the power is off 
(Vcc = OV). The receivers have a typical input threshold of 
1.3V which is within the +3V limits, known as the transition 
region, of the RS-232 specifications. The receiver output is 


OV to Vcc. The output will be low whenever the input is 
greater than 2.4V and high whenever the input is floating or 
driven between +0.8V and -30V. The receivers feature 0.5V 
hysteresis (except during shutdown) to improve noise rejec- 
tion. The receiver Enable line (EN, on HIN206, HIN209, and 
HIN211, EN on HIN213) when unasserted, disables the 
receiver outputs, placing them in the high impedance mode. 
The receiver outputs are also placed in the high impedance 
state when in shutdown mode (except HIN213 R4 and R85). 


TXIN 
GND < Tyin < Voc 


Tout 
V- < Vrout < V+ 


\- 


FIGURE 2. TRANSMITTER 


Voc 
RXiNn Rout 

“30V < Ryxin < +30V GND < Vrout < Vcc 
GND 


FIGURE 3. RECEIVER 


tpHL < tpLH > <_ 


t t 
AVERAGE PROPAGATION DELAY = kL Se 


FIGURE 4. PROPAGATION DELAY DEFINITION 


HIN213 Operation in Shutdown 


The HIN213 features two receivers, R4 and R5, which 
remain active in shutdown mode. During normal operation 
the receivers propagation delay is typically 0.5s. This prop- 
agation delay may increase slightly during shutdown. When 
entering shut down mode, receivers R4 and R5 are not valid 
for 8Ous after SD = Vj. When exiting shutdown mode, all 
receiver outputs will be invalid until the charge pump circuitry 
reaches normal operating voltage. This is typically less than 
2ms when using 0.1pF capacitors. 


z= 
Cw 
S 3 
2 
se 
z= 
oO 
O 


HIN200 thru HIN213 


Typical Performance Curves 


V- SUPPLY VOLTAGE (V) 


FIGURE 5. V- SUPPLY VOLTAGE vs Vcc 


Test Circuits (HIN202) 


+4.5V TO 
+5.5V INPUT 
O.1uF 
C3 
[om | - 
T1 OUTPUT == 
0.1uF + RS-232 +30V INPUT 
“=e TTL/CMOS OUTPUT 
aS peggy | pee 1] TTL/CMOS INPUT 
== 0.1nF C4 
—e TTL/CMOS INPUT 
— TTL/CMOS OUTPUT 
~ T2 
OUTPUT 
RS-232 
+30V INPUT 


FIGURE 7. GENERAL TEST CIRCUIT 


SUPPLY VOLTAGE (IVi) 
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TRANSMITTER OUTPUTS 
OPEN CIRCUIT 
0 5 10 15 20 25 30 
lILoap! (mA) 


FIGURE 6. V+, V- OUTPUT VOLTAGE vs LOAD 


Vin = +2V 


FIGURE 8. POWER-OFF SOURCE RESISTANCE 
CONFIGURATION 


HIN200 thru HIN213 


Application Information 


The HINXXX may be used for all RS-232 data terminal and 
communication links. It is particularly useful in applications 
where +12V power supplies are not available for conven- 
tional RS-232 interface circuits. The applications presented 
represent typical interface configurations. 


A simple duplex RS-232 port with CTS/RTS handshaking is 
illustrated in Figure 9. Fixed output signals such as DTR 
(data terminal ready) and DSRS (data signaling rate select) 
is generated by driving them through a 5kQ resistor 
connected to V+. 


In applications requiring four RS-232 inputs and outputs 
(Figure 10), note that each circuit requires two charge pump 
capacitors (C1 and C2) but can share common reservoir 
capacitors (C3 and C4). The benefit of sharing common res- 
ervoir capacitors is the elimination of two capacitors and the 
reduction of the charge pump source impedance which 
effectively increases the output swing of the transmitters. 


INPUTS RTS 
OUTPUTS 
TTL/CMOS RD 


INPUTS 
OUTPUTS 
TTL/CMOS DCD 


R1 


+5V 


CTR (20) DATA 


c1+ TERMINAL READY 
O.1pF - DSRS (24) DATA 
SIGNALING RATE 
SELECT 
c2 + 
0.1LF - iT RS-232 
a= INPUTS AND OUTPUTS 
TD TD (2) TRANSMIT DATA 
INPUTS ATS RTS (4) REQUEST TO SEND 
OUTPUTS 


TruCcMOS’~ RD RD (3) RECEIVE DATA 


CTS CTS (5) CLEAR TO SEND 


SIGNAL GROUND (7) 


FIGURE 9. SIMPLE DUPLEX RS-232 PORT WITH CTS/RTS 
HANDSHAKING 


TD (2) TRANSMIT DATA 
RTS (4) REQUEST TO SEND 
RD (3) RECEIVE DATA 

CTS (5) CLEAR TO SEND 


+5V 


RS-232 
INPUTS AND OUTPUTS 


DTR (20) DATA TERMINAL READY 

DSRS (24) DATA SIGNALING RATE SELECT 
DCD (8) DATA CARRIER DETECT 

R1 (22) RING INDICATOR 


SIGNAL GROUND (7) 


FIGURE 10. COMBINING TWO HIN202s FOR 4 PAIRS OF RS-232 INPUTS AND OUTPUTS 


COMMUNICATION 


INTERFACE 


Die Characteristics 


DIE DIMENSIONS: 
160 mils x 140 mils 


METALLIZATION: 


Type: Al 
Thickness: 10kA +1kA 


SUBSTRATE POTENTIAL 
V+ 


Metallization Mask Layout 


R2out T2in T1in Ri out Rijn GND 


HIN200 thru HIN213 


PASSIVATION: 


Type: Nitride over Silox 
Nitride Thickness: 8 
Silox Thickness: 7kA 


TRANSISTOR COUNT: 
238 


PROCESS: 
CMOS Metal Gate 


HIN211 


R4in R4out T4in T3in ~R5out 


TEE 
Hen 


— 


SEMICONDUCTOR 


uD 


August 1997 


Features 
High Speed ISDN Compatible 230kbits/s 
ESD Protection for RS-232 I/O Pins to +15kV (IEC1000) 
Meets All RS-232E and V.28 Specifications 
HIN203E and HIN205E Require no External Capacitors 
Requires Only 0.1.F or Greater External Capacitors 
Two Receivers Active in Shutdown Mode (HIN213E) 
Requires Only Single +5V Power Supply 
Onboard Voltage Doubler/Inverter 
Low Power Consumption (202E Typ) 
Low Power Shutdown Function (Typ) 
Three-State TTL/CMOS Receiver Outputs 


Multiple Drivers 
- Output Swing for +5V Input................ +10V 
Power-Off Source Impedance 
Output Current Limiting 
TTL/CMOS Compatible 
Maximum Slew Rate 


Multiple Receivers 


- Input Voltage Range..............0eee ees +30V 
- Input Impedance 3kQ to 7kQ 
- Hysteresis to Improve Noise Rejection 


Selection Table 


PART 
NUMBER 


NUMBER OF 
RS-232 
DRIVERS 


POWER SUPPLY 
VOLTAGE 


HIN208E 
HIN211E 


HIN213E 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


Copyright © Harris Corporation 1997 


NUMBER OF 
RS-232 
RECEIVERS 


SO 
OS 
OO 

a 


5 


HIN202E thru 
HIN213E 


+/-15kV, ESD-Protected, +5V Powered, 
RS-232 Transmitters/Receivers 


Description 


The HIN202E-HIN213E family of RS-232 transmitters/receivers 
interface circuits meet all EIA RS-232E and V.28 specifications, 
and are particularly suited for those applications where +12V is 
not available. A redesigned transmitter circuit improves data 
rate and transmitter slew rate, which makes this suitable for 
ISDN and high speed modems. The transmitter outputs and the 
receiver inputs are protected to +15kV ESD (Electrostatic Dis- 
charge). They require a single +5V power supply and feature 
onboard charge pump voltage converters which generate +10V 
and -10V supplies from the 5V supply. The HIN203E and 
HIN205E require no external capacitors and are ideally suited 
for applications where circuit board space is critical. The family 
of devices offers a wide variety of RS-232 transmitter/receiver 
combinations to accommodate various applications (see 
Selection Table). 


The HIN211E and HIN213E feature a low power shutdown 
mode to conserve energy in battery powered applications. In 
addition, the HIN213E provides two active receivers in shut- 
down mode allowing for easy “wakeup” capability. 


The drivers feature true TTL/CMOS input compatibility, slew 
rate-limited output, and 3002 power-off source impedance. 
The receivers can handle up to +30V input, and have a 3kQ 
to 7kQ input impedance. The receivers also feature hystere- 
sis to greatly improve noise rejection. 


Applications 


e Any System Requiring RS-232 Communications Port 
- Computers - Portables, Mainframes, Laptops 
- Peripherals - Printers and Terminals 
- Portable Instrumentation 
- Modems 


NUMBER OF 
0.1pF 
EXTERNAL 
COMPONENTS 


NUMBER OF 
RECEIVERS 
ACTIVE IN 
SHUTDOWN 


LOW POWER 
SHUTDOWN/TTL 
THREE-STATE 


4315 


File Number 
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COMMUNICATION 


INTERFACE 


HIN202E thru HIN213E 


Ordering Information 


[_ranrno. | nanae(ec) | packace | Px. No. 
PARTNO. | RANGE (°C) 

THINzo2e08 | 0170 | v61a S010 [mies 
THINao2eIP | 401086 [11a POP [eves 
THINaG2eIA | ~a0w08 | veLa SSOP _|w16200 
Tnzo2eIB | #01065 [61a S010 [Mies 
[HIN2D2EGEN | _ow70 _[reraso1e [wists | 
THINzosecp | 01670 _|20ta PoP [e203 
THiNzosec8 | 01670 |20ta S010 [M203 
[HiNzosecp | ov 70|2ata PoP [e286 
[HINzo=ECP | 01670 _|2ataPoP [e203 
[HiNzose68 | ow 70 _[2aaso1o(w) [woes 
THINDDBECA | 01670 _|2atassop _ [Me4209 
THINzo6EIP | 401085 _|2ataPoR [e203 
TINz06eIB | 401085 | 24a SOIC (W) [Meas 
THINDDBEIA | #01085 [2atassoP _ [Max209 
THINzo7EcP_| 01670 _|2ata POP [e283 
THINzo7EC8 | 01670 _|2atd S010 [Maas 


Pin Descriptions 


Internally Generated Positive Supply (+10V Nominal). 


Ground Lead. Connect to OV. 
Ci+ 
C1- 
C2+ 
C2- 


TouT 


Rout 


Receiver Outputs. These are TTL/CMOS levels. 


are placed in a high impedance state. 


) PIN FUNCTION 
Power Supply Input 5V +10%. 


Internally Generated Negative Supply (-10V Nominal). 


External Capacitor (+ terminal) is connected to this lead. 

External Capacitor (- terminal) is connected to this lead. 

External Capacitor (+ terminal) is connected to this lead. 

External Capacitor (- terminal) is connected to this lead. 

TIN Transmitter Inputs. These leads accept TTL/CMOS levels. An internal 400kQ pull-up resistor to Voc is connected to each lead. 
Transmitter Outputs. These are RS-232 levels (nominally +10V). 


Receiver Inputs. These inputs accept RS-232 input levels. An intemal 5kQ pull-down resistor to GND is connected to each input. 


Enable Input. This is an active low input which enables the receiver outputs. With EN = 5V, (HIN213E EN = OV), the outputs 


Shutdown Input. With SD = 5V (HIN213E SD = OV), the charge pump is disabled, the receiver outputs are in a high impedance 
state (except R4 and R5 of HIN213E) and the transmitters are shut off. 


No Connect. No connections are made to these leads. 


PART NO. RANGE (°C) 

TINZOTEGA | 070 [eats SsoP [Mea209 

TINZOTEIB | #01085 [241d SOG _|w20a 

HIN2DGECP | 01070 |2sta POP [eres 

HiN2oeecs | 070 [24a sie _|weas 
es 
Meas 
M2420 
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Pinouts 


TI 


T2iN 


R1out 


R2ouT 


HIN202E thru HIN213E 


HIN202E (PDIP, SOIC, SSOP) 


TOP VIEW 


+5V TO 10V 


VOLTAGE INVERTER V+ 


+10V TO -10V 
VOLTAGE INVERTE 


Tlout 


T2ouT 


Rin 


R2in 
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T1IN 


T2in 


T3in 


T4in 


HIN204E (SOIC) 
TOP VIEW 


Tour L1 
T2our [2] 


T2in 3 | 
TIN 4 | 


GND | 5| 


Vec |] 
Ci+ 


v+ 1/8] 


+5V 


Voc 
+5V TO 10V 
VOLTAGE DOUBLER 


+10V TO -10V 
VOLTAGE INVERTER 


T3o0uT 


T4outT 


COMMUNICATION 
INTERFACE 


HIN202E thru HIN213E 


Pinouts (Continued) 
HIN203E (PDIP, SOIC) 


HIN205E (PDIP, SOIC) 


TOP VIEW TOP VIEW 

T2in [1 R2out Tout 
T1IN 2] 19 R2in TSout 
Riour | 3} 18] T2ouT Mout 
Rin | 4 17} V- “our 
Tlout [5 16] C2- RAIN 
GNp [6 5] C2+ Rout 
Vec 14] V+ (C1-) “a 
(V+) C14 3] C1-(C1+) THN 
GND [9 2] v- (2+) Rlout 
(V-) C2- 44] C2+ (C2-) RAIN 


GND 
Vec 


+5V 


T1)n 


TIN 
T2in 


T2in 
T3in 


Riout 
T4in 


R2in T5in 


Riout 


12(10) R2out R2n 
INTERNAL 
-10V 


SUPPLY 
R3ouT R3in 


INTERNAL 
+10V 14(8) 
SUPPLY 6 


ot R4out R4in 


R5in 


SD 
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HIN202E thru HIN213E 


Pinouts (Continued) 


HIN206E (PDIP, SOIC, SSOP) 
TOP VIEW 


24) T4ourt 
R2in 
R2ouT 
21] sD 
20] EN 
19} T4in 
18] T3 yn 
R3ouT 
16] R3inq 
15] V- 

14] c2- 
13 C2+ 


Voc 
0.1,F +5V TO 10V V+ 
VOLTAGE DOUBLER 
our +10V TO -10V Tis 
pray 44 VOLTAGE INVERTER 
+5V T1 mE 
7 400kQ ; = 
Tin > 
+5V T2 
12 —2 400kQ S 3 
+5V T3 
400kQ 
T3in = ie . : 
+5V y T4 
4 
Tay —22 00kQ S 24 
|| KA fa 
Riout oS | 
R2ouT sq 


R2in 


R3in 


sD 


8-21 


HIN207E (PDIP, SOIC, SSOP) 
TOP VIEW 


24] T4our 
R2in 


R2out 
21] T5in 
20] TSour 
19] T4in 
18] T3iny 
R3ouT 
16] R3n 
15] V- 

14] C2- 
13} C2+ 


+5V 
Vcc 
0.1,F +5V TO 10V 
VOLTAGE DOUBLER 
0.1F +10V TO -10V 
VOLTAGE INVERTE 
400kQ 2 
Ty — : 
+5V T2 
T2in 6 400kQ . 3 
400kQ 
T3iN = ie C ! 
+5V T4 
Tain 19 400kQ > 24 
+5V TS 
Thi 21 400kQ ie ; 20 
| | 
Riout . . 
vt fe | 23 
R2outT : 
R2 5kQ 
17 ail 16 
R3oquT : 
R3 5kQ 
GND 
8 


R2in 


R3in 


COMMUNICATION 


INTERFACE 


HIN202E thru HIN213E 


Pinouts (Continued) 
HIN208E (PDIP, SOIC, SSOP) 


HIN211E (SOIC, SSOP) 


TOP VIEW TOP VIEW 
T2out | 1 128] T4ouT 
Tlout [2 R3in 
R2n | 3 | 26] R3qutT 
R2out | 4| 25] SD 
Tin [5 | [24] EN 
Riout 6 | 23) R4in 
Rtn R4out 
GND [8 21) T4in 
Vec [9] 20} T3in 
C1+ 110 19} RSout 
V+ 18} R5iny 
C1- V- 
16] C2- 
15] C2+ 
+5V 
+5V 
Vcc 
Vec 0.1,F +5V TO 10V V+ 
VOLTAGE DOUBLER 
0.1 uF +10V TO -10V 
0.1 uF +10V TO -10V VOLTAGE INVERTER 
VOLTAGE INVERTE 
T1N 
T11N 
T2in 
T2in 
T3 
T3in IN 
21 28 
T4in . T4in pe . T4out 
R1out v Rin Riout C ij R1iw 
R1 5kQ 
4 = 3 . : 
R2ouT R2in R2out : = R2in 
R2 5kQ | 
22 = 23 26 27 
R3oquT . R3in R3ouT ; “<j R3in 
R3 SkQ _— 
17 ol 16 22 23 
R4outT . R4in R4out i < R4in 
. 7 - 
a 49 18 
GND RS ; | sis 
OUT IN 
8 - 
— = 24 25 
= EN SD 
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Pinouts (Continued) 


0.1uF 


0.1pF 


T11N 
T2in 


T3in 


T4in 


R1out 


R2out 


R3ouT 


R4out 


R5out 


EN 


HIN202E thru HIN213E 


HIN213E (SOIC, SSOP) 


TOP VIEW 
T3out | 1] 128] T4ouT 
Tout | 2| R3in 
T2out [3] 26] R3qut 


R2in | 4, [25] SD 
R2our [5| 24] EN 
T2in [6 23] R4in 
THiNn R4out 
Riout [8 21} T4n 
R1in | 9. 20} T3in 
GND /10 19] R5our 
Vee [11 18] R5in 
C1+ V- 
V+ [13] 16} C2- 


Ct- 15] C2+ 


NOTE: R4 AND R5 ACTIVE IN SHUTDOWN 


+5V 


Vcc 


+5V TO 10V 
VOLTAGE DOUBLER 


+10V TO -10V 
VOLTAGE INVERTER 


+5V T2 
6 400kQ i 3 
20 400kQ ie: 1 
+5V 


a 


| eae 
26 27 
=< 
22 23 
p< 
19 18 
< 
al : 


8-23 


T4out 


R1in 


R2in 


R3in 


R4in 


R5in 


COMMUNICATION 


INTERFACE 


HIN202E thru HIN213E 


Absolute Maximum Ratings Thermal Information 
Vee tO GIOUNG . ccc ecccseneaeeueesne (GND -0.3V) <Vcc < 6V_—— Thermal Resistance (Typical, Note 1) Oya (°C/W) 
VE TO ok see cree haa tensent nee (Voc -0.3V) <V+ < 12V 16 Ld PDIP Package.............0000e eee e ee 90 
Vo GIOUNG 06202 cckiccrdow eras nes -12V < V- < (GND +0.3V) 16 Ld SOIC (N) Package...............20000. 115 
Input Voltages 16 Ld SOIC (W) Package ................005 100 
UT ee (V- -0.3V) < Vin < (V+ +0.3V) 16 Ld SSOP Package ................-00000- 155 
Fld .cc teu ataeerpaneenetees ans ce vavags imakeden cendads +30V 20 Ld PDIP Package............00.0e ce euaee 75 
Output Voltages 20 Ld SOIC Package...........00.0.e eee uee 100 
fo) 0) See (V- -0.3V) < VtxouT < (V+ +0.3V) 24 Ld PDIP (N) Package..............0..000. 75 
ROUT: ss eee reer eee (GND -0.3V) < VRxout < (V+ +0.3V) 24 Ld PDIP Package...............00c eee eee 60 
Short Circuit Duration 24 Ld SOIC Package...........0.00e cece eee 75 
TW visewsndeeehare neous aber war ie whe taser Continuous 24 Ld SSOP Package ..........0..0e cece ueee 135 
AGTH sods icdescevsun caw ce eomngaan see e res Continuous 28 Ld SOIC Package............00c cece eee 70 
ES CISSSIICAON sce cacrdentawnees weer 1EC1000 Compliant 28 Ld SSOP Package ...........0...000 ee eee 100 
Maximum Storage Temperature Range ........... -40°C to 85°C 
Operating Conditions Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Operating Temperature Range Maximum Lead Temperature (Soldering 10S} eens ennavane 300°C 
HIN2XXECX . 0 ooo c ccc cccccceceeeeeeeeenes 0°Cto70°c —« (SOIC and SSOP - Lead Tips Only) 
PIIZRAEIN 2 bees euwheewaceendieusintinns kandi -40°C to 85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 
NOTE: 


1. Oya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Test Conditions: Voc = +5V +10%, (Voc = +5V +5% for HIN203E/205E/207E), C1-C4 = 0.1p1F (except 
HIN203E and HIN205E), Ta = Operating Temperature Range 


PARAMETER TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Output Voltage Swing, Toyt Transmitter Outputs, 3kQ to Ground 
Power Supply Current, loc HIN202E a re ae 


HIN202E-208E, 20 mA 

HIN211E-213E 

Ta = 25°C HIN205E, HIN206E, 1 10 yA 
HIN211E 

Input Logic Low, Tn, EN, Vip Tin, EN, SD, EN, SD 


Input Logic High, Vin oe 
EN, SD, EN, SD 


TIN 


Shutdown Supply Current, I¢c(SD) 


_ 
uo 


2.4 
RS-232 Input Voltage Range, Vin -30 


Receiver Input Impedance, Rij Ta = 25°C, Vin = +3V 
Active Mode 


Shutdown Mode 
HIN213E R4 and R5 


Active Mode 
Shutdown Mode 
HIN213E R4 and R5 
Receiver Input Hysteresis, Vuyst Voc =5V 0.2 
No Hysteresis in Shutdown Mode 
TTL/CMOS Receiver Output Voltage Low, Vo. | loyt = 1.6MA 
(HIN202E-HIN203E, lout = 3.2mA) 


TTL/CMOS Receiver Output Voltage High, Voy 3.5 
Output Enable Time, ten HIN205E, HIN206E, HIN211E, HIN213E 
Output Disable Time, tpjs HIN205E, HIN206E, HIN211E, HIN213E 


Receiver Input Low Threshold, Vij (H-L) 


Receiver Input High Threshold, Vijy (L-H) 
15 


Ww 
Oo 


Ba oO _ os 
ron) NI wi] fh 


— 


200 
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HIN202E thru HIN213E 


Electrical Specifications Test Conditions: Voc = +5V +10%, (Voc = +5V +5% for HIN203E/205E/207E), C1-C4 = 0.1uF (except 
HIN203E and HIN205E), T, = Operating Temperature Range (Continued) 


Propagation Delay, tpp 


Transition Region Slew Rate, SRy Ru = 3kQ, 
C, = 2500pF 
Measured from 
+3V to -3V or 
-3V to +3V 


(Note 1) 


Output Resistance, Royt 


1. Guaranteed by design. 


[_____Panaweren | _TeSTCONDITIONS | _MIN_| TYP | WAX | UNITS 
neiseSo=ovRe AS ——~«t—SCdT 0 | 
TAINeISESS=Voo——SCdTS ST sts 
Prineooe-winziie «dT [os | 0 | as 


HIN202E to HIN213E 


ae 
[Rumen BoayMows es | dT 
[ecr0004-2Conactbecrage | we | | _-_| w_ 
fecroonsearcep «dts | 
[rumen Body Mout Si we | dT 


mS) 
15 30 


VOLTAGE DOUBLER 


C1+ $2 
+ 
C1 


Si C2+ S6 
Voc neem | GND 
HT | | I 
1 I 4 A + I r" 
! 1 C3 ' c 1 C4 
1 1 - 1 
V 


$3! C1- S 


RC 
OSCILLATOR 


FIGURE 1. CHARGE PUMP 


Detailed Description 


The HIN202E thru HIN213E family of RS-232 
transmitters/receivers are powered by a single +5V power 
supply and feature low power consumption, and meet all 
EIA RS-232C and V.28 specifications. The circuit is divided 
into three sections: the charge pump, transmitter, and 
receiver. 


Charge Pump 


An equivalent circuit of the charge pump is illustrated in 
Figure 1. The charge pump contains two sections: the 
voltage doubler and the voltage inverter. Each section is 
driven by a two phase, internally generated clock to gener- 
ate +10V and -10V. The nominal clock frequency is 
125kHz. During phase one of the clock, capacitor C1 is 
charged to Vcc. During phase two, the voltage on C1 is 
added to Vcc, producing a signal across C3 equal to twice 
Voc. During phase two, C2 is also charged to 2Vcc, and 
then during phase one, it is inverted with respect to ground 
to produce a signal across C4 equal to -2Voc. The charge 


pump accepts input voltages up to 5.5V. The output 
impedance of the voltage doubler section (V+) is approxi- 
mately 200, and the output impedance of the voltage 
inverter section (V-) is approximately 4500. A typical 
application uses 0.1uF capacitors for C1-C4, however, the 
value is not critical. Increasing the values of C1 and C2 will 
lower the output impedance of the voltage doubler and 
inverter, increasing the values of the reservoir capacitors, 
C3 and C4, lowers the ripple on the V+ and V- supplies. 


During shutdown mode (HIN205E, HIN211E and HIN213E, 
SD = Vcc, HIN213E, SD = OV) the charge pump is turned off, 
V+ is pulled down to Vcc, V- is pulled up to GND, and the 
supply current is reduced to less than 10uA. The transmitter 
outputs are disabled and the receiver outputs (except for 
HIN213E, R4 and R86) are placed in the high impedance state. 


COMMUNICATION 


INTERFACE 


HIN202E thru HIN213E 


Transmitters 


The transmitters are TTL/CMOS compatible inverters 
which translate the inputs to RS-232 outputs. The input 
logic threshold is about 26% of Vcc, or 1.3V for Voc = SV. 
A logic 1 at the input results in a voltage of between -5V 
and V- at the output, and a logic O results in a voltage 
between +5V and (V+ -0.6V). Each transmitter input has an 
internal 400kW pullup resistor so any unused input can be 
left unconnected and its output remains in its low state. The 
output voltage swing meets the RS-232C specifications of 
5V minimum with the worst case conditions of: all transmit- 
ters driving 3kQ minimum load impedance, Vcc = 4.5V, 
and maximum allowable operating temperature. The trans- 
mitters have an internally limited output slew rate which is 
less than 30V/us. The outputs are short circuit protected 
and can be shorted to ground indefinitely. The powered 
down output impedance is a minimum of 3002 with 2V 
applied to the outputs and Vcc = OV. 


Receivers 


The receiver inputs accept up to 30V while presenting the 
required 3kQ to 7kQ input impedance even if the power is 
off (Voc = OV). The receivers have a typical input threshold 
of 1.3V which is within the 3V limits known as the transition 
region, of the RS-232 specifications. The receiver output is 
OV to Vcc. The output will be low whenever the input is 
greater than 2.4V and high whenever the input is floating or 
driven between +0.8V and -30V. The receivers feature 0.5V 
hysteresis (except during shutdown) to improve noise 
rejection. The receiver Enable line (EN, on HIN205E and 
HIN211E, EN on HIN213E) when unasserted, disables the 
receiver outputs, placing them in the high impedance 
mode. The receiver outputs are also placed in the high 
impedance state when in shutdown mode (except HIN213E 
R4 and R85). 


Test Circuits (HIN202E) 


+4.5V TO 
+5.5V INPUT 
0.4pF L 
ca"; 
kl a 
0.1nF L* - ~ 3kQ 
C1 T- 
T1 OUTPUT == 
O1uF+ RS-232 30V INPUT 
C2 - TTL/CMOS OUTPUT 
ca . TTL/CMOS INPUT 
== 0.1F C4 
om" TTL/CMOS INPUT 
mi TTL/CMOS OUTPUT 
~ T2 
OUTPUT 
RS-232 
+30V INPUT 


FIGURE 5. GENERAL TEST CIRCUIT 


TXIN Tout 
GND < Txin < Voc V- < Vrout < V+ 
V- 


FIGURE 2. TRANSMITTER 


Vec 
RXIN Rout 

~30V < Ryxin < +30V GND < Vrout < Vcc 
GND 


FIGURE 3. RECEIVER 


tPHL tPLH 


tPHL + tPLH 
2 


FIGURE 4. PROPAGATION DELAY DEFINITION 


AVERAGE PROPAGATION DELAY = 


HIN213E Operation in Shutdown 


The HIN213E features two receivers, R4 and R5, which 
remain active in shutdown mode. During normal operation 
the receivers propagation delay is typically 0.5us. This prop- 
agation delay increases to 4us (typical) during shutdown. 
When entering shut down mode, receivers R4 and R5 are 
not valid for 80us after SD = Vj. When exiting shutdown 
mode, all receiver outputs will be invalid until the charge 
pump circuitry reaches normal operating voltage. This is typ- 
ically less than 2ms when using 0.1u.F capacitors. 


T2ouT 
T1ouT 


Rout = Vin/! 


FIGURE 6. POWER-OFF SOURCE RESISTANCE 
CONFIGURATION 
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HIN202E thru HIN213E 


Application Information 


The HIN2XXE may be used for all RS-232 data terminal and 
communication links. It is particularly useful in applications 
where 12V power supplies are not available for conventional 
RS-232 interface circuits. The applications presented repre- 
sent typical interface configurations. 


A simple duplex RS-232 port with CTS/RTS handshaking is 
illustrated in Figure 9. Fixed output signals such as DTR 
(data terminal ready) and DSRS (data signaling rate select) 
is generated by driving them through a 5kQ resistor 
connected to V+. 


In applications requiring four RS-232 inputs and outputs 
(Figure 10), note that each circuit requires two charge pump 
capacitors (C1 and C2) but can share common reservoir 
capacitors (C3 and C4). The benefit of sharing common res- 
ervoir capacitors is the elimination of two capacitors and the 
reduction of the charge pump source impedance which 
effectively increases the output swing of the transmitters. 


INPUTS ATS 
OUTPUTS 
TTLICMOS RD 


O.1pF = 

DTR 

INPUTS DSRS 
OUTPUTS 


TTL/CMOS DCD 
R1 


- O.1uF 


+5V 


CTR (20) DATA 


16 

aaa TERMINAL READY 

O.4uF . DSRS (24) DATA 
HIN202E SIGNALING RATE 
SELECT 

C2 + 

O.AuF - [eee 
INPUTS AND OUTPUTS 
nM 14 — 
TD - TD (2) TRANSMIT DATA 


Pe 
m7 


INPUTS RTS 
OUTPUTS 


TrL/CMOS~ RD 
CTS 


RTS (4) REQUEST TO SEND 


qe 


RD (3) RECEIVE DATA 


5 


CTS (5) CLEAR TO SEND 


SIGNAL GROUND (7) 


FIGURE 7. SIMPLE DUPLEX RS-232 PORT WITH CTS/RTS 
HANDSHAKING 


TD (2) TRANSMIT DATA 
RTS (4) REQUEST TO SEND 
RD (3) RECEIVE DATA 

CTS (5) CLEAR TO SEND 


+5V 


RS-232 
INPUTS AND OUTPUTS 


DTR (20) DATA TERMINAL READY 

DSRS (24) DATA SIGNALING RATE SELECT 
DCD (8) DATA CARRIER DETECT 

Ri (22) RING INDICATOR 


SIGNAL GROUND (7) 


FIGURE 8. COMBINING TWO HIN202Es FOR 4 PAIRS OF RS-232 INPUTS AND OUTPUTS 
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COMMUNICATION 


INTERFACE 


Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 
139 mils x 134 mils (HIN207E) Type: Nitride over Silox 
Nitride Thickness: 8 
METALLIZATION: Silox Thickness: 7kA 
Type: Al 


TRANSISTOR COUNT: 
332 (HIN207E) 


Thickness: 10kA +1 kA 


SUBSTRATE POTENTIAL 


GND PROCESS: 


CMOS Metal Gate 


Metallization Mask Layout 


HIN207E 


R2outT T5in = TSout) =e T4in T3in R30QuT R3in 


900000 EE S Stn a EE a a on et, 


R2in | 


T4ouT | 


T3QuT 


Mout Sh lea I 


T2ouT 


ai: / Of 
we) Fe  trpencecnene PERO Se REon RESO BBS EER OES Deed | peeeeeeerens) | ceerersrerses 
it Bes pak Ha ee ult 


Rin 


Riout T2in Tin GND Vcc 


w AWARRIS HIN230 thru HIN241 


August 1997 +5V Powered RS-232 Transmitters/Receivers 
Features Description 
¢ Meets All RS-232E and V.28 Specifications The HIN230-HIN241 family of RS-232 transmitters/receivers 


interface circuits meet all EIA RS-232E and V.28 specifications, 
and are particularly suited for those applications where +12V is 
- (+5V and +12V - HIN231 and HIN239) not available. They require a single +5V power supply (except 

¢ HIN233 and HIN235 Require No External Capacitors HIN231 and HIN239) and features onboard charge pump volt- 
age converters which generate +10V and -10V supplies from 

¢ Onboard Voltage Doubler/Inverter the 5V supply. The HIN233 and HIN235 require no external 
Capacitors and are ideally suited for applications where circuit 
board space is critical. The family of devices offer a wide variety 
e Low Power Shutdown Function of RS-232 transmitter/receiver combinations to accommodate 


° Three-State TTL/CMOS Receiver Outputs various applications (see Selection Table). 


¢ Requires Only Single +5V Power Supply 


e Low Power Consumption 


The drivers feature true TTL/CMOS input compatibility, slew- 
rate-limited output, and 300Q power-off source impedance. 
The receivers can handle up to +30V, and have a 3kQ to 7kQ 


Multiple Drivers 
- +10V Output Swing for +5V Input 


- 3002 Power-Off Source Impedance input impedance. The receivers also feature hysteresis to 
- Output Current Limiting greatly improve noise rejection. 
- TTL/CMOS Compatible 
- 30V/us Maximum Slew Rate Applications 
e Multiple Receivers e Any System Requiring RS-232 Communications Port 
- +30V Input Voltage Range - Computer - Portable, Mainframe, Laptop 
- 3kQ to 7kQ Input Impedance - Peripheral - Printers and Terminals 
- 0.5V Hysteresis to Improve Noise Rejection - Instrumentation 
- Modems 


Selection Table 


VOLTAGE DRIVERS RECEIVERS | COMPONENTS THREE-STATE LEADS 


HIN231 +5V and +7.5V to 13.2V 2 Capacitors NO/NO 


NUMBEROF | NUMBEROF LOW POWER 
PART POWER SUPPLY RS-232 RS-232 EXTERNAL SHUTDOWN/TTL NUMBER OF 
NUMBER 


INTERFACE 


ee 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 31 38.4 
Copyright © Harris Corporation 1997 8-29 


COMMUNICATION 


HIN230 thru HIN241 


Ordering Information 


/_wnsen |nanae(c)| ackace | pK<.no._ 
NUMBER RANGE (°C) PACKAGE 
CC Cc 


HIN231BY 

HIN232CP E16.3 
HIN232IP E16.3 
HIN2321J F16.3 
HIN2321B M16.3 
HIN232MJ F16.3 
HIN233CP E20.3 
HIN233CB M20.3 
HIN234CB M16.3 
HIN2341B M16.3 
HIN235CP E24.6 
HIN236CP E24.3 
HIN236CB M24.3 


= = 
—_ —_ 
ro ro 
w A) 


HIN2361P 


HIN2361B -40to85 |24LdSOIC 


Pin Descriptions 


in a high impedance state. 


the transmitters are shut off. 


a 
Power Supply Input 5V +10%. HIN233 and HIN235 5V +5%. 


Transmitter Inputs. These leads accept TTL/CMOS levels. An internal 400kQ pull-up resistor to Vcc is 
connected to each lead. 


Transmitter Outputs. These are RS-232 levels (nominally +10V). 


Receiver Inputs. These inputs accept RS-232 input levels. An internal 5kQ pull-down resistor to GND is connected 
to each input. 


Receiver Outputs. These are TTL/CMOS levels. 


Enable input. This is an active low input which enables the receiver outputs. With EN = 5V, the outputs are placed 


Shutdown Input. With SD = 5V, the charge pump is disabled, the receiver outputs are in a high impedance state and 


No Connect. No connections are made to these leads. 


co a 
NUMBER RANGE (°C) PACKAGE 

CL 
mnesrev [ioe 
raneseey [ide 
CA A 


HIN241CB 0 to 70 28 Ld SOIC M28.3 
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HIN230 thru HIN241 


Pinouts 


HIN230 (SOIC) 
TOP VIEW 


+5V 


1pF 
1 pF +5V TO 10V 
VOLTAGE DOUBLER 
+ 
1uF +10V TO -10V ‘e 
VOLTAGE INVERTER 
1pyF 
T1in T1out 
T2iN T2ouT 
T3iN T30QuT 
T4in T4out 
T5in T5ouT 
SHUTDOWN 
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HIN231 (SOIC) 
TOP VIEW 


16) V+ 

15] Voc 
14] GND 
13] Tout 
H2} Rtn 
R1out 
10] Tiny 
9} NC 


+7.5V TO +13.2V 


+ 
1yF +12V TO -12V 


3 
VOLTAGE INVERTER 1“ 


T1IN 


T2in 


Riout 


R2our R2in 
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HIN230 thru HIN241 


Pinouts (Continued) 


HIN232 (PDIP, CERDIP, SOIC) 
TOP VIEW 


C1i+ 


+5V 


1uE +5V TO 10V 
VOLTAGE INVERTER V+ 


1uF *  10V TO -10V 
VOLTAGE INVERTE 


T1IN 


T2iN 


Riout 


R2outT 


R2in 
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HIN233 (PDIP, SOIC) 
TOP VIEW 


20] R2out 
19] R2in 

18] T2our 
Rin [4 V- 

Fig] c2- 

15] C2+ 

4] V+ (C1-) 
Fa] C1- (C14) 
12] v- (C2+) 
44] C2+ (C2-) 


NOTE: Pin numbers in parentheses are for SOIC Package. 


+5V 


TIN 


T2iN 


Riout 


R2out 


NO 
CONNECT 


INTERNAL 
-10V 
SUPPLY 


INTERNAL 
+10V 
SUPPLY 


T1ouT 


T2ouT 


R1in 


R2in 


HIN230 thru HIN241 


Pinouts (Continued) 


HIN234 (SOIC) HIN235 (PDIP) 
TOP VIEW TOP VIEW 
Tout LU 
T2our L2! 


T2in [3] 
Tt 14) 
GND [5| 
Vec [6] 
Ci+ 

V+ 


+5V 


1pF + 
Vcc TI 400kQ Ibe 
1pF +5V TO 10V a 
Ci- VOLTAGE DOUBLER T2 
C2 . 
‘uF * +10V TO -10V . TiN > 
VOLTAGE INVERTER 
C2- 1yF 13 T3 
a vv T1 ms i. " 
0 T4 
T1IN be. ; T1ouT le 


T4in 


T5 


T2y T2ouT T5in 


R1out 


i 


T3in T30uT 


- 


R2outT 


\ 


Tain T4out 


R30uT 


R4out 


COMMUNICATION 
INTERFACE 
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HIN230 thru HIN241 


Pinouts (Continued) 


HIN236 (PDIP, SOIC) 
TOP VIEW 


T4out 
R2in 
R2outT 
SHUTDOWN 
EN 
T4in 
T3in 
R3ouT 
R3in 
\V- 

C2- 


+5V 
1pF 
+ 
1pF +5V TO 10V 
VOLTAGE DOUBLER 
+3 
C2+ 
1pF + +10V TO -10V V- 15 
14 VOLTAGE INVERTER 
C2- 1pF 
+ 
+5V T1 ,= 
400kQ = 
T1 IN LU ° T1 OUT 
+5V T2 
rene NWN T3 
0 
” ; ayeke | ” 
Th De , 24 Thouy 
| A fa 
Rlout ; @j Rin 
22 23 
R2out | R2in 
17 16 
R3ouT —<— R3in 
_ 2 
EN SHUTDOWN 
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HIN237 (PDIP, SOIC) 
TOP VIEW 


T3our [1] 
Tout |.2. 
T2our | 3) 


Rout | 5| 


THin 


Ci+ 


C1- 


<8 7 2 
$ 8 5 Zz = 


1pF 


R2in 


+5V 
+ 
1pF +5V TO 10V V+ 
VOLTAGE DOUBLER 
C2 
1uF &* * -¥40V TO -10V yAt5 
14 VOLTAGE INVERTER ~~ 
C2- 
+ 
+5V T1 ‘ ae 
400kQ a 
T1iN 7 
+5V T2 
T2in 6 400kQ S. 3 
+5V a 
400kQ 
T3iN L > C : 
+5V T4 
Tay 19 400kQ SS. 24 
+5V T5 
T5in 21 400kQ > 20 
| Hy if 
Riout - 
R1 5kQ 
22 = 23 
R2out 
R2 5kQ 
17 16 
R3outT 


| 


R3in 


HIN230 thru HIN241 


Pinouts (Continued) 


HIN238 (PDIP, SOIC) 
TOP VIEW 


HIN239 (SOIC) 
TOP VIEW 


NOTE: No Connect 


+5V +5V +7.5V TO +13.2V 
1pF 
Ci+ Vcc 
1yF +5V TO 10V V+ 
"s C1- VOLTAGE DOUBLER VOLTAGE INVERTER vy. 
C2 
iuF yt *  #10V TO -10V v.15 
14) 49. VOLTAGE INVERTER 1uF 
- T1iN Tlout 
T1 T1out 
ae ” ” 
18 a 1 
T2in T2out 
ake ” 
19 00 24 
T3iNn >. T3ouT Rlout R1in 
Tay — a T4out 
Rlout c Rin 
R2out i R2in Oo 
— WwW 
EO 
22 23 R4out Rain a i 
R3out 2 | R3in = T 
=F 
R5 =< 
17 16 R5Sout IN Oo” 
Plea x | Rain s) 
a a a 
8 
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Pinouts (Continued) 


1pF 


1uF 


T11N 


T2in 


T3IN 


T4in 


T5in 


Riout 


R2ouT 


R3outT 


R4out 


29 
15 
14 
37 


38 
2 
16 


13 


39 


36 


42 


HIN240 (MQFP) 


as 


2 
3 
4 
5 
6 
7 
8 
9 


1pF 
+ 
+5V TO 10V 
VOLTAGE DOUBLER 
C2+ —_+10V TO -10V <n 
VOLTAGE INVERTER V- 
C2- 1uF 
+5V Ti belie 
400kQ S 7>= Tout 
+5V T2 
400kQ2 ss 8 Tour 
+5V T3 
400k S 6 T3our 
+5V T4 
400kQ2 S 5 Tout 
+5V T5 
400kQ be 41 T5our 
ae it. ine 
1 —_ 
“i , R3 
v IN 
—, 
40 
=< R4in 
=a R5in 
SHUTDOWN 
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1pF 


1pF 


T11N 


T2iN 


T3in 


T4in 


R1out 


R2outT 


R3oQuT 


R4out 


HIN241 (SOIC, SSOP) 


TOP VIEW 
T3out | 1| 28] T4ouT 
Tout [2 R3in 
T2out 3. 26] R3oqutT 
Rin | 4) 25] SHUTDOWN 
R2ouT [ 5. [24] EN 
T2in [6 | 23] R4in 
THiNn R4out 
R1out [8] 21] T4in 
R1in [9 20} T3in 
GND [i0| 9] R5qut 
Voc [11] 18} R5in 
C1+ [12 v- 
V+ 113 16] C2- 
C1- 15] C2+ 


+5V 


+ *  4¥40V TO -10V v.L17 
16 c2- VOLTAGE INVERTER 
+5V Ti 
7 400kQ be: 2 
+5V T2 
6 400kQ le 3 
+5V T3 
20 400kQ be 1 
+5V T4 
21 400kQ 28 


Ra 

LEST. 
Lae I. 
eet 


1pF 


R2in 


R3in 


R4in 


R5in 


SHUTDOWN 


HIN230 thru HIN241 


Absolute Maximum Ratings 


Thermal Information 


Vag to Ground. 22... ccseccescsasnees (GND -0.3V) <Vcec <6V ‘Thermal Resistance (Typical, Note 1) 8ya (CCIW) 8jc (°C/W) 
VS 1 GING 5 ccc eves secu eescennd (Voc -0.3V) < V+ < 12V 16 Ld PDIP Package.............. 90 N/A 
V> 1S GION 5 os ccc eaeeeddeaiencen -12V < V- < (GND +0.3V) 24 PDIP PaGkagG «6 sccc ewes ces 75 N/A 
Input Voltages 16 Ld SOIC (W) Package .......... 100 N/A 
[ll Ceereeerreererrere rT reer (V- -0.3V) < Vin < (V+ +0.3V) 24 Ld SOIC Package.............. 80 N/A 
ic) RETESET OCLORELTE LEC EP TTT ree Ter +30V 26 LA SOIC PACKEGO. .vccscevesens 75 N/A 
Output Voltages 28 Ld SSOP Package .............. 100 N/A 
UGUY «er cnteeseee nenensne (V- -0.3V) < VrxouT < (V+ +0.3V) 44 Ld MQFP Package............. 80 N/A 
AGLI T* os aw awecsan onan ss (GND -0.3V) < Vpxout < (V+ +0.3V) 16 Ld CERDIP Package ........... 80 18 
Short Circuit Duration Maximum Junction Temperature (Hermetic Package) ........ 175°C 
TOUT ive eee ce cts e crt e nese se iienseauwan cena ns Continuous Maximum Junction Temperature (Plastic Package) ........ 150°C 
Raab yanetuess wendades saad inneuwees reads Continuous Maximum Storage Temperature Range .......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


Operating Conditions 


(SOIC, SSOP, MFP - Lead Tips Only) 


Temperature Range 


HIN-XXXMOM a ccaveuaneweseuaunsankucnews et 0°C to 70°C 
HIN-XXXIX .. 0... ce cece cece ee ee een eeeeees -40°C to 85°C 
HIN-XMMIK oc cae esaueewevewewweeneneewa -55°C to 125°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. @ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Test Conditions: Voc = +5V +10%, (Voc = +5V +5% HIN233 and HIN235) 
Ta = Operating Temperature Range 


PARAMETER TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Output Voltage Swing, Tout Transmitter Outputs, 3kQ to Ground 


Power Supply Current, loc 


V+ Power Supply Current, loc HIN231 
HIN239 


7 


+ 
ie) 
oO 


_ 
oO 


TTL/CMOS Receiver Output Voltage Low, Vo. | lout = 1.6mA 
(HIN231-HIN233 loyT = 3.2mA) 


COMMUNICATION 
INTERFACE 


Transition Region Slew Rate, SRr Ry = 3kQ, C,_ = 2500pF Measured from 
+3V to -3V or -3V to +3V 


Voc = V+ = V- = OV, Vout = £2V 
Tout shorted to GND 


BN =" 
ro) NI 
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ro) 


D 
© 
oO 
@. 
< 
@ 
5 
no) 
= 
=r 
io} 
=e 
4 
=| 
© 
”. 
Za 
o 
a 
= 
= 
iy 
z= 
< 
@) 
i?) 
ul 
ol 
< 
> 
i 
ine) 
ol 
ie} 
@) 
oo oo 
on [o) 
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2. Guaranteed by design. 
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HIN230 thru HIN241 


VOLTAGE DOUBLER 


$1 1 Cc 
Voc ceaaae oh or ae “EO? oT GND 
: T C1 : C3 ) 


Ci- S4l 


RC ; 
OSCILLATOR 


VOLTAGE INVERTER 


GND —— 


V- = -(V+) 


FIGURE 1. CHARGE PUMP 


Detailed Description 


The HIN230 thru HIN241 family of RS-232 transmitters/receiv- 
ers are powered by a single +5V power supply (except HIN-231 
and HIN239), feature low power consumption, and meet all EIA 
RS-232C and V.28 specifications. The circuit is divided into 
three sections: the charge pump, transmitter, and receiver. 


Charge Pump 


An equivalent circuit of the charge pump is illustrated in Figure 
1. The charge pump contains two sections: the voltage dou- 
bler and the voltage inverter. Each section is driven by a two 
phase, internally generated clock to generate +10V and -10V. 
The nominal clock frequency is 16kHz. During phase one of 
the clock, capacitor C1 is charged to Voc. During phase two, 
the voltage on C1 is added to Vcc, producing a signal across 
C3 equal to twice Vcc. During phase one, C2 is also charged 
to 2Vcc, and then during phase two, it is inverted with respect 
to ground to produce a signal across C4 equal to -2Vcc. The 
charge pump accepts input voltages up to 5.5V. The output 
impedance of the voltage doubler section (V+) is approxi- 
mately 2002, and the output impedance of the voltage 
inverter section (V-) is approximately 450Q. A typical applica- 
tion uses 1p.F capacitors for C1-C4, however, the value is not 
Critical. Increasing the values of C1 and C2 will lower the out- 
put impedance of the voltage doubler and inverter, increasing 
the values of the reservoir capacitors, C3 and C4, lowers the 
ripple on the V+ and V- supplies. 


During shutdown mode (HIN230, 236, 240 and 241), SHUT- 
DOWN control line set to logic “1”, the charge pump is 
turned off, V+ is pulled down to Vcc, V- is pulled up to GND, 
and the supply current is reduced to less than 10uA. The 
transmitter outputs are disabled and the receiver outputs are 
placed in the high impedance state. 


Transmitters 


The transmitters are TTL/CMOS compatible inverters which 
translate the inputs to RS-232 outputs. The input logic thresh- 
old is about 26% of Voc, or 1.3V for Voc = SV. A logic 1 at the 
input results in a voltage of between -5V and V- at the output, 
and a logic 0 results in a voltage between +5V and (V+ -0.6V). 
Each transmitter input has an internal 400kQ pullup resistor 
SO any unused input can be left unconnected and its output 
remains in its low state. The output voltage swing meets the 
RS-232C specifications of +5V minimum with the worst case 
conditions of: all transmitters driving 3kQ minimum load 
impedance, Vcc = 4.5V, and maximum allowable operating 
temperature. The transmitters have an internally limited output 


slew rate which is less than 30V/us. The outputs are short cir- 
Cuit protected and can be shorted to ground indefinitely. The 
powered down output impedance is a minimum of 300Q with 
+2V applied to the outputs and Vcc = OV. 


TXIN 
GND < Txin < Vcc 


Tout 
V- < Vrout < V+ 


v- 
FIGURE 2. TRANSMITTER 


Receivers 


The receiver inputs accept up to +30V while presenting the 
required 3kQ to 7kQ input impedance even it the power is off 
(Voc = OV). The receivers have a typical input threshold of 
1.3V which is within the +3V limits, known as the transition 
region, of the RS-232 specifications. The receiver output is 
OV to Voc. The output will be low whenever the input is 
greater than 2.4V and high whenever the input is floating or 
driven between +0.8V and -30V. The receivers feature 0.5V 
hysteresis to improve noise rejection. The receiver Enable 
line EN, when set to logic “1”, (HIN236, 239, 240, and 241) 
disables the receiver outputs, placing them in the high 
impedance mode. The receiver outputs are also placed in 
the high impedance state when in shutdown mode. 


Voc 
RxINn Rout 
-30V < Ryn < +30V GND < Vrout < Vcc 
GND 
FIGURE 3. RECEIVER 
TIN 
OR 
Rin 
Tout V 
OR = 
Rout VoL 
tpHL << tpLH => e 
t t 
Average Propagation Delay = a 


FIGURE 4. PROPAGATION DELAY DEFINITION 
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HIN230 thru HIN241 


Typical Performance Curves 


Ww = 7 
> 
g = 
a Ww 
re) Le) 
> = 
: g 
z s 
> 7 
” a 
> 5 
” 
TRANSMITTER OUTPUTS 
OPEN CIRCUIT 
0 5 10 15 20 25 30 35 
lLoap! (mA) 
FIGURE 5. V- SUPPLY VOLTAGE vs Vcc, VARYING CAPACITORS FIGURE 6. V+, V- OUTPUT VOLTAGE vs LOAD 
Test Circuits (HIN232) 
+4.5V TO 
+5.5V INPUT 
TAP che 
co 'T;. 
a. «il = 
1uF Lt [2] V+ GND [15] 3kQ 
C1 T- 
3}C1- = Mout [14 T1 OUTPUT == 
1uF + 4] C24 R1\n fi3-—-< RS-232 +30V INPUT 
C2. S]C2- —- Rigutfi2#—> TTL/CMOS OUTPUT 
eee JF) T1jy [17] }-—-< TTL/CMOS INPUT 
ka a 20ur — T2yy HOH< TTLICMOS INPUT 
eet 181R2yn R2out] 9} TTL/CMOS OUTPUT 
> T2 
OUTPUT 
RS-232 
+30V INPUT 
FIGURE 7. GENERAL TEST CIRCUIT FIGURE 8. POWER-OFF SOURCE RESISTANCE 


CONFIGURATION 


COMMUNICATION 
INTERFACE 
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HIN230 thru HIN241 


Applications 


The HINXXX may be used for all RS-232 data terminal and 
communication links. It is particularly useful in applications 
where +12V power supplies are not available for conven- 
tional RS-232 interface circuits. The applications presented 
represent typical interface configurations. 


A simple duplex RS-232 port with CTS/RTS handshaking is 
illustrated in Figure 9. Fixed output signals such as DTR 
(data terminal ready) and DSRS (data signaling rate select) 
is generated by driving them through a 5kQ resistor 
connected to V+. 


In applications requiring four RS-232 inputs and outputs 
(Figure 10), note that each circuit requires two charge pump 
capacitors (C1 and C2) but can share common reservoir 
capacitors (C3 and C4). The benefit of sharing common res- 
ervoir capacitors is the elimination of two capacitors and the 
reduction of the charge pump source impedance which 
effectively increases the output swing of the transmitters. 


INPUTS RTS 
OUTPUTS 
TTL/CMOS RD 


INPUTS 
OUTPUTS 
TTL/CMOS DCD 


+5V 


CTR (20) DATA 
TERMINAL READY 


1pF - DSRS (24) DATA 
SIGNALING RATE 
SELECT 
= RS-232 
1pF = is 
i INPUTS AND OUTPUTS 
TD TD (2) TRANSMIT DATA 
INPUTS _ RTS RTS (4) REQUEST TO SEND 
OUTPUTS 
TTL/CMOS’ RD RD (3) RECEIVE DATA 
CTS CTS (5) CLEAR TO SEND 
SIGNAL GROUND (7) 


FIGURE 9. SIMPLE DUPLEX RS-232 PORT WITH CTS/RTS 
HANDSHAKING 


TD (2) TRANSMIT DATA 
RTS (4) REQUEST TO SEND 
RD (3) RECEIVE DATA 

CTS (5) CLEAR TO SEND 


+5V 


RS-232 
INPUTS AND OUTPUTS 


DTR (20) DATA TERMINAL READY 

DSRS (24) DATA SIGNALING RATE SELECT 
DCD (8) DATA CARRIER DETECT 

R1 (22) RING INDICATOR 


SIGNAL GROUND (7) 


FIGURE 10. COMBINING TWO HIN232s FOR 4 PAIRS OF RS-232 INPUTS AND OUTPUTS 


HIN230 thru HIN241 


Die Characteristics 
DIE DIMENSIONS: PASSIVATION: 


160 mils x 140 mils Type: Nitride over Silox 
Nitride Thickness: 8kA 
Silox Thickness: 7k 


TRANSISTOR COUNT: 
238 


PROCESS: 
CMOS Metal Gate 


METALLIZATION: 


Type: Al 
Thickness: 10kA +1kA 


SUBSTRATE POTENTIAL 
V+ 


Metallization Mask Layout 
HIN240 


T2out Tlout T39ut T4out Rin R3oquT TS5IN 


eee rwweenrcesese 


weeers lik | SHUTDOWN 


R2out | 


Toesseences] |lecesacecan +e? 


| e alk if aL L. Bi aT 1k me fe | 
T2in vel: : BS md init : pare 8 ———o 
: GE  ——_ a 
Ve, ——— 231 — 1h Mine : | <2 mced fl 


THin | i ) i =| == ee | 


NT) 


Ri | : U ? 3 | = on = Poy a ; brendan peta porent b= 
OUT peo HES SENN UML = cape FINN a jee 


—4\o 


--~----@uiemdinl ..-...... 2 -.. ant | ptcae ah ae Si hs Se vas loo 


Rin | || pn || OL a] i : | R4out 


oe ERR XC “pamRSeN ae art ae : 7 ) ] : T4in 
GND fess mA OE eet eS ; 7 


= = a : : 513% =| a oes T3in 


ea a =] O Srerceerrepers | ero i t 4 : | : RSouT 


PES gee 


INTERFACE 
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COMMUNICATION 


Sf a Hi RSI 
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Ci+ V+ C1- C2+ C2- V- 
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SEMICONDUCTOR 


HIN232A 


High Speed, +5V, RS-232 Transmitter/Receiver 
with 0.1Microfarad External Capacitor 


aD 


August 1997 


Features 


e Meets All EIA RS-232E and V.28/V.24 Specifications 
Requires Only 0.1.F or Greater External Capacitors 
et ee 230kbit/s 
¢ Requires Only Single +5V Power Supply 


¢ Onboard Voltage Doubler/Inverter 


e Low Power Consumption (Typ) .............5. 4mA 
¢ Multiple Drivers 
- Output Swing for +5V Input.............06- +10V 
- Power-Off Source Impedance............... 3002 
- Output Current Limiting 
- TTL/CMOS Compatible 
- Typical Slew Rate (Typ)..............0.5- 12V/us 
e Multiple Receivers 
- Input Voltage Range.............cceeeeees +30V 
= INPUtIMPOGENCE, .. 0.5 cccassecenasac 3kQ to 7kQ 
- Hysteresis to Improve Noise Rejection ....... 0.5V 
Applications 


e Any System Requiring RS-232 Communications Port 
- Computers - Portables, Mainframes, Laptops 
- Peripherals - Printers and Terminals 
- Portable Instrumentation 
- Modems 


Pinout 


HIN232A (PDIP, SOIC, SSOP) 
TOP VIEW 


Description 


The HIN232A High Speed RS-232 transmitter/receiver 
interface circuit meets all EIA RS-232E and V.28/V.24 specifi- 
cations, and is particularly suited for those applications where 
+12V is not available. The device requires a single +5V power 
supply and features onboard charge pump voltage converters 
which generate +10V and -10V supplies from the 5V supply. 


The drivers feature true TTL/CMOS input compatibility, slew 
rate-limited output, and 300Q power-off source impedance, 
and operating speeds up to 230kbit/s. The receivers can 
handle up to +30V input, and have a 3kQ to 7kQ input 
impedance. The receivers also feature hysteresis to greatly 
improve noise rejection. 


Ordering Information 


[earrmumoen [ranaceo| exceace | "o_ 
PART NUMBER | RANGE (°C) 

fmesexcr | own [euaror [es 
fmaserce | own [euasoow [wes 
fnasexca | ow _[wusssor _[wieane 


Ci+ +5V TO 10V 0.1,.F 


0.1F VOLTAGE 

+ +10V TO -10V 
VOLTAGE V- 

C2- INVERTER 

5 

5 


0.1,F 


Tin 


T2in 


Riout 


R2out 


+ 


i 
S2 
< 
, i 
Te 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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File Number 


HIN232A 


Pin Descriptions 


SS 
a 
a 
a 
ete 
External Capacitor (+ terminal) is connected to this lead. 


C1- External Capacitor (- terminal) is connected to this lead. 


External Capacitor (+ terminal) is connected to this lead. 


pce External Capacitor (- terminal) is connected to this lead. 


* Transmitter Inputs. These leads accept TTL/CMOS levels. An internal 400kQ pull-up resistor to Voc is connected 
to each lead. 


Transmitter Outputs. These are RS-232 levels (nominally +10V). 


| Receiver Inputs. These inputs accept RS-232 input levels. An internal 5kQ pull-down resistor to GND is connected 
to each input. 


Receiver Outputs. These are TTL/CMOS levels. 
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COMMUNICATION 


INTERFACE 


HIN232A 


Absolute Maximum Ratings Thermal Information 
Voc tOGIOUNG . cin ccaccerscce nas enn (GND -0.3V) <V¢gc < 6V_—— Thermal Resistance (Typical, Note 1) Oya (°C/W) 
VOTO GIO so ke once dene ysescosoxove (Vcc -0.3V) <V+ < 12V PDIP Package ........ 0. .cc cee cece eee eeaes 90 
V- 10 GrOUNG .. «ccc scecceeeemennees -12V < V- < (GND +0.3V) SOIC Package (W) .........0... cece eee eeee 100 
Input Voltages SOIC Package (N).........0:cceecee essences 115 
Lee (V- -0.3V) < Vin < (V+ +0.3V) SSOP Package .........-.0. 000 e eee scenes 155 
Rin JAH CRE CAVE Bo TEEPE MODE PUES OMS SHS EG SE CESS sare +30V Maximum Junction Temperature 
Output Voltages Plastic Pag. ecu ssievaccos siete ienkeevieens 150°C 
Lol) Gee (V- -0.3V) < VtxouT < (V+ +0.3V) — Maximum Storage Temperature Range ........... -40°C to 85°C 
a0) (GND -0.3V) < Vaxout < (V+ +0.3V) — Maximum Lead Temperature (Soldering 10s)............. 300°C 
Short Circuit Duration (SOIC and SSOP - Lead Tips Only) 
TAUfiexs hen Se eee ibe b des cht sede eens gewesEs Continuous 
AGU +9 0kse ncn Se edee ee ree tae week etnd ne aes Continuous 
ES ClassiiCalon sos ncnee se epe steer camiewd ov anand Class 1 


Operating Conditions 


Temperature Range 
FUSIONS one b 00824 Sather date eeaanad 0°C to 70°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 
NOTE: 


1. @ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Test Conditions: Vcc = +5V 10%, C1-C4 = 0.1p1F 
Ta = Operating Temperature Range 


PARAMETER TEST CONDITIONS | MIN. | TYP | 
+9 


Receiver Input Low Threshold, Vij (H-L) Voc = 5.0V, Ta = 25°C 
Receiver Input High Threshold, Vij (L-H) Voc = 5.0V, Ta = 25°C 
Voc = 5.0V 


Transmitter + to - Propagation Delay 
Difference 


Ri = 3kQ, C_ = 2500pF Measured from 
+3V to -3V or-3V to +3V (Note 2) 


2. Guaranteed by design. 
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HIN232A 


VOLTAGE DOUBLER 


VOLTAGE INVERTER 


GND a on ee Voc 
S eo 


RC 1 S I 
OSCILLATOR 


V- = - (V+) 


weg Tt 
i 


FIGURE 1. CHARGE PUMP 


Detailed Description 


The HIN232A High Speed RS-232 transmitters/receivers are 
powered by a single +5V power supply, feature low power 
consumption, and meet all EIA RS232E and V.28/V.24 specifi- 
cations. The circuit is divided into three sections: the charge 
pump, transmitter, and receiver. 


Charge Pump 


An equivalent circuit of the charge pump is illustrated in 
Figure 1. The charge pump contains two sections: the voltage 
doubler and the voltage inverter. Each section is driven by a two 
phase, internally generated clock to generate +10V and -10V. 
The nominal clock frequency is 125kHz. During phase one of 
the clock, capacitor C1 is charged to Voc. During phase two, 
the voltage on C1 is added to Vcc, producing a signal across 
C3 equal to twice Voc. During phase two, C2 is also charged 
to 2Vcc, and then during phase one, it is inverted with respect 
to ground to produce a signal across C4 equal to -2Vcc. The 
charge pump accepts input voltages up to 5.5V. The output 
impedance of the voltage doubler section (V+) is approximately 
200Q, and the output impedance of the voltage inverter section 
(V-) is approximately 450Q. A typical application uses 0.1uF 
capacitors for C1-C4, however, the value is not critical. Increas- 
ing the values of C1 and C2 will lower the output impedance of 
the voltage doubler and inverter, increasing the values of the 
reservoir capacitors, C3 and C4, lowers the ripple on the V+ 
and V- supplies. 


Transmitters 


The transmitters are TTL/CMOS compatible inverters which 
translate the inputs to RS-232 outputs. The input logic thresh- 
old is about 26% of Vcc, or 1.3V for Voc = 5V. A logic 1 at the 
input results in a voltage of between -5V and V- at the output, 
and a logic 0 results in a voltage between +5V and (V+ -0.6V). 
Each transmitter input has an internal 400kQ pullup resistor 
so any unused input can be left unconnected and its output 
remains in its low state. The output voltage swing meets the 
RS-232C specifications of +5V minimum with the worst case 
conditions of: all transmitters driving 3kQ minimum load 
impedance, Voc = 4.5V, and maximum allowable operating 
temperature. The transmitters have an internally limited output 
slew rate which is less than 30V/us. The outputs are short cir- 
cuit protected and can be shorted to ground indefinitely. The 
powered down output impedance is a minimum of 300Q with 
+2V applied to the outputs and Vcc = OV. 


Receivers 


The receiver inputs accept up to +30V while presenting the 
required 3kQ to 7kQ input impedance even if the power is off 
(Vcc = OV). The receivers have a typical input threshold of 
1.3V which is within the +3V limits, known as the transition 
region, of the RS-232 specifications. The receiver output is 
OV to Vcc. The output will be low whenever the input is 
greater than 2.4V and high whenever the input is floating or 
driven between +0.8V and -30V. The receivers feature 0.5V 
hysteresis to improve noise rejection. 


TXIN 
GND < TXIN < Vcc 


Tout 
V-< VtouT < V+ 


\- 


FIGURE 2. TRANSMITTER 


Voc 


RXIN 
-30V < Ryn < +30V 


Rout 
GND < Vrout < Voc 


GND 


FIGURE 3. RECEIVER 


TiN 
OR 
Rin 


Tout Vv 
OL 
OR y 
Rout OL 
tPHL tPLH > 


tPHL + tPLH 


AVERAGE PROPAGATION DELAY = > 


FIGURE 4. PROPAGATION DELAY DEFINITION 
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COMMUNICATION 


INTERFACE 


HIN232A 


Typical Performance Curves 


S -_ 
wi 5 
5 — 
< Ww 
3 g 
9 1 
> g 
o > 
: 2 
” =) 
> w” 
TRANSMITTER OUTPUTS 
OPEN CIRCUIT 
0 5 10 15 20 25 30 35 
lLoap! (mA) 
FIGURE 5. V- SUPPLY VOLTAGE vs Vcc FIGURE 6. V+, V- OUTPUT VOLTAGE vs LOAD 
Test Circuits (HIN232A) 
+4.5V TO 
+5.5V INPUT 
0.1uF L> 
as 
ud poe 
0.1,F + - ~ 3kQ 
eT 
T1 OUTPUT == 
O.1uF+ RS-232 30V INPUT 
C2. TTL/CMOS OUTPUT 
eet! é TTL/CMOS INPUT 
ee TTL/CMOS INPUT 
a TTL/CMOS OUTPUT 
~ T2 
OUTPUT 
RS-232 
30V INPUT 
FIGURE 7. GENERAL TEST CIRCUIT FIGURE 8. POWER-OFF SOURCE RESISTANCE 


CONFIGURATION 
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HIN232A 


Typical Applications 


The HIN232A may be used for all RS-232 data terminal and 
communication links. It is particularly useful in applications 


+5V 


where +12V power supplies are not available for conven- ci * 
tional RS-232 interface circuits. The applications presented O.1NF - 
represent typical interface configurations. 
+ 
A simple duplex RS-232 port with CTS/RTS handshaking is paDE 
illustrated in Figure 9. Fixed output signals such as DTR 1 
(data terminal ready) and DSRS (data signaling rate select) TD 
is generated by driving them through a 5kQ resistor con- INPUTS RTS 
nected to V+. OUTPUTS 


Trucmos' RD 


In applications requiring four RS-232 inputs and outputs a 


(Figure 10), note that each circuit requires two charge pump 
capacitors (C1 and C2) but can share common reservoir 
capacitors (C3 and C4). The benefit of sharing common res- 
ervoir capacitors is the elimination of two capacitors and the 
reduction of the charge pump source impedance which 


16 
HIN232A 
14 


Lana 


CTR (20) DATA 
TERMINAL READY 
DSRS (24) DATA 
SIGNALING RATE 
SELECT 


zr RS-232 

== INPUTS AND OUTPUTS 
TD (2) TRANSMIT DATA 
RTS (4) REQUEST TO SEND 
RD (3) RECEIVE DATA 

CTS (5) CLEAR TO SEND 


SIGNAL GROUND (7) 


effectively increases the output swing of the transmitters. FIGURE 9. SIMPLE DUPLEX RS-232 PORT WITH CTS/RTS 


HANDSHAKING 


ci + * cs 
O.1uF = = 0.1pF 
TD TD (2) TRANSMIT DATA 


INPUTS RTS 
OUTPUTS 
TTL/CMOS RD 


C4 +5V 


+ 


INPUTS AND OUTPUTS 


za 
+ © Ww 
C1 = 
O.1F = <q O 
oF 
DTR DTR (20) DATA TERMINAL READY = 7 
INPUTS psRsS DSRS (24) DATA SIGNALING RATE SELECT = _ 
OUTPUTS == 
TTL/CMOS DCD DCD (8) DATA CARRIER DETECT % 


R1 


SIGNAL GROUND (7) 


RTS (4) REQUEST TO SEND 
RD (3) RECEIVE DATA 
CTS (5) CLEAR TO SEND 


R1 (22) RING INDICATOR 


FIGURE 10. COMBINING TWO HIN232As FOR 4 PAIRS OF RS-232 INPUTS AND OUTPUTS 
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SUBSTRATE POTENTIAL 
V+ 


TRANSISTOR COUNT 
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HIN232A 


C2- 


HIN232A 


8kA 
7kA 


. 
. 
. 
. 


10kA +1kA 


PASSIVATION 


. 
” 


Al 


Thickness 
Nitride over Silox 


120 mils x 75 mils 
Nitride Thickness 
Silox Thickness 


Type 
Type 


Die Characteristics 
Metallization Mask Layout 


DIE DIMENSIONS 
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SEMICONDUCTOR 


ICL232 


+5V Powered, Dual RS-232 Transmitter/Receiver 


aD 


August 1997 


Features 


Meets All RS-232C and V.28 Specifications 
Requires Only Single +5V Power Supply 
Onboard Voltage Doubler/Inverter 
Low Power Consumption 
2 Drivers 
+9V Output Swing for +5V Input 
3002 Power-off Source Impedance 
Output Current Limiting 
TTL/CMOS Compatible 
30V/us Maximum Slew Rate 


2 Receivers 
+30V Input Voltage Range 
3kQ to 7kQ Input Impedance 
0.5V Hysteresis to Improve Noise Rejection 


All Critical Parameters are Guaranteed Over the Entire 
Commercial, Industrial and Military Temperature Ranges 


Applications 


¢ Any System Requiring RS-232 Communications Port 
- Computer - Portable and Mainframe 
- Peripheral - Printers and Terminals 
- Portable Instrumentation 
- Modems 
e Dataloggers 


Pinout 


ICL232 (PDIP, CERDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


8-49 


Copyright © Harris Corporation 1997 


Description 


The ICL232 is a dual RS-232 transmitter/receiver interface 
circuit that meets all EIA RS-232C and V.28 specifications. It 
requires a single +5V power supply, and features two 
onboard charge pump voltage converters which generate 
+10V and -10V supplies from the 5V supply. 


The drivers feature true TTL/CMOS input compatibility, slew- 
rate-limited output, and 3002 power-off source impedance. 
The receivers can handle up to +30V, and have a 3kQ to 7kQ 
input impedance. The receivers also have hysteresis to 
improve noise rejection. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 
ICL232CPE 16 Ld PDIP E16.3 
oLesec8e 161d 801 


ICL232IPE 


-40to85 |16Ld PDIP E16.3 


+5V TO 10V 


C1- VOLTAGE INVERTER V+ 


C24 410V TO -10V AL 
C2- VOLTAGE INVERTER “" 
a: T1 = 
U i» 
U i 
R1 5kQ 
R2 5kQ 
15 


File Number 


COMMUNICATION 
INTERFACE 


3020.5 


ICL232 


Absolute Maximum Ratings 


Vor O GIO0Gl 2: caveswas s+ exasea sens (GND -0.3V) < Voc < 6V 
V4 GIOUNG pascccccernceereseucans (Voc -0.3V) < V+ < 12V 
rt NOME. ccd aves heere een aweves -12V < V- < (GND +0.3V) 
Input Voltages 

se ee ee ee (V- -0.3V) < Vin < (V+ +0.3V) 

Fs PCG 4i6e bas eer einiwns heaven avers eden nas +30V 
Output Voltages 

TipT: (2OUT +s icaw os wwe (V- -0.3V) < VrxouT < (V+ +0.3V) 

Alou: R2Quy: « «0+ .65 (GND -0.3V) < Vaxourt < (Voc +0.3V) 
Short Circuit Duration 

Tiff: T2GUT +s ses eee ences be eases siwanwcese Continuous 

PIG MeO ie sd a eee us ce wen wares enee roe was Continuous 


Operating Conditions 
Temperature Ranges 


(GLBSE SS 94a as et nee nee eKen de pwidwasenesenas 0°C to 70°C 
ICLBO!! i550 Kees ODES Oe RH Kes OEw ETRE ERE THOR -40°C to 85°C 
Lee cacy Aeseriewas dead eae o wRe Kye AHes -55°C to 125°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) 8a (CCW) 8jc (CCW) 


CERDIP Package .....0.sscs0800 80 18 

PDIP PACKS oc ai ccna vee Kanne ws 100 N/A 

SOIC PaCkAG@ . 6.6 scn cess awseseue 100 N/A 
Maximum Junction Temperature 

Plastd POCRAUUSs x c0c0deseyesed nee werehedas noes en 150°C 

CONIC PACGGD vcsccnsxeeccrnersnnnsad ras taanas 175°C 
Maximum Storage Temperature Range .......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. 6a is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Test Conditions: Voc = +5V +10%, Ta = Operating Temperature Range. Test Circuit as in Figure 8 


Unless Otherwise Specified 


Receiver Input Low Threshold, Vijy (H-L) 


2. Guaranteed by design. 
3. See Figure 4 for definition. 


[ranaweren ____[__testcoworions [ww | we | wax | owns 


Transmitter Output Voltage Swing, Tout T1out and T2oyT Loaded with 3kQ 
to Ground 


Power Supply Current, loc Outputs Unloaded, Ta = 25°C ee ee ee 


Vec = BV, Ta = 25°C 


Receiver Input High Threshold, Vjj (L-H) Voc = 5V, Ta =2 


5°C 


oo a4 oo 
on ho ro) 


Instantaneous Slew Rate, SR Cy = 10pF, Ry. = 3kQ, Tp = 25°C 
(Notes 2, 3) 


V 


—_ 
on 
fo) 
io) 
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+ 
Ww 
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Ww 
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° _ 
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Test Circuits 


ICL232 


+4.5V TO 
uF +5.5V INPUT 
ox faa 
a Voc [16 
pF = 
a GND |15 
Ci- T1outT 14 
ES T1 OUTPUT == 
C2+ R1 RS-232 
1pF + ca ” 13 +30V INPUT 
C2 - TTLICMOS 
Ri 
‘uF C4 our |12| OUTPUT 
Rune , TTLICMOS 
— qo 6 | ¥ THIN 414] INPUT 
7 |T2outT T2iNn a 
== T2 OUTPUT id tS) INPUT 
RS-232 R2 TTLICMOS 
+30V INPUT [8 R2iN aia Ed OUTPUT 


== T1out 


FIGURE 1. GENERAL TEST CIRCUIT FIGURE 2. POWER-OFF SOURCE RESISTANCE 


CONFIGURATION 


Typical Performance Curves 


550 
_— tf | | 
. Tp, = 25°C S| -~ V+ (Voc = 5V) 
9 EXTERNAL SUPPLY LOAD , = — 
< 400] 1k2 BETWEEN V+ + GND we lie ay 
Pay 6 an ies 
& OR V- + GND < = 
es | 
= 350) TRANSMITTER OUTPUT 9 
a OPEN CIRCUIT a 
qa 300 GUARANTEED = 
a OPERATING 5 
4 250 RANGE re) 
Ed 
200 TRANSMITTER OUTPUTS 
OPEN CIRCUIT 
150 
0 1 2 3 4 5 6 7 8 9g 40 
INPUT SUPPLY VOLTAGE Voc (V) ILoap! (mA) 


FIGURE 3. V+, V- OUTPUT IMPEDANCES vs Vcc FIGURE 4. V+, V- OUTPUT VOLTAGES vs LOAD CURRENT 


Pin Descriptions 


= 
(PDIP, CERDIP__| _SOIC_| PINNAME | DESCRIPTION —- 
External capacitor “+” for internal voltage doubler. a a 
Internally generated +10V (typical) supply. = oe 
External capacitor “-” for internal voltage doubler. = 5 
a ae External capacitor “+” internal voltage inverter. ron 
5 External capacitor “-” internal voltage inverter. ~ 


Internally generated -10V (typical) supply. 
| Reout__| Recei 


R2out Receiver 2 TTL/CMOS output. 
10 Transmitter 2 TTL/CMOS input, with internal 400K pullup resistor to Voc. 
Transmitter 1 TTL/CMOS input, with internal 400K pullup resistor to Voc. 
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ICL232 


Pin Descriptions (Continued) 


[poi ceRo | sow | PNNAWE [| DESORPTION. SS 
[6 6 vce | Postve Power Supp eave SS 


VOLTAGE DOUBLER 


RC : 
OSCILLATOR 


VOLTAGE INVERTER 


V- = (V+) 


FIGURE 5. DUAL CHARGE PUMP 


Detailed Description 


The ICL232 is a dual RS-232 transmitter/receiver powered by 
a single +5V power supply which meets all EIA RS232C spec- 
ifications and features low power consumption. The functional 
diagram illustrates the major elements of the ICL232. The cir- 
cuit is divided into three sections: a voltage doubler/inverter, 
dual transmitters, and dual receivers Voltage Converter. 


An equivalent circuit of the dual charge pump is illustrated in 
Figure 5. 


The voltage quadrupler contains two charge pumps which use 
two phases of an internally generated clock to generate +10V 
and -10V. The nominal clock frequency is 16kHz. During 
phase one of the clock, capacitor C1 is charged to Vcc. 
During phase two, the voltage on C1 is added to Vcc, 
producing a signal across C2 equal to twice Vcc. At the same 
time, C3 is also charged to 2Vcc, and then during phase one, 
it is inverted with respect to ground to produce a signal across 
C4 equal to -2Vcc. The voltage converter accepts input 
voltages up to 5.5V. The output impedance of the doubler (V+) 
is approximately 200, and the output impedance of the 
inverter (V-) is approximately 4500. Typical graphs are 
presented which show the voltage converters output vs input 
voltage and output voltages vs load characteristics. The test 
circuit (Figure 3) uses 1p.F capacitors for C1-C4, however, the 
value is not critical. Increasing the values of C1 and C2 will 
lower the output impedance of the voltage doubler and 
inverter, and increasing the values of the reservoir capacitors, 
C3 and C4, lowers the ripple on the V+ and V- supplies. 


T1n, T2in / \ 


90% Vou 
T1out T2ouT 10% y 
OL 
t¢ —| |< t >| |< 


Instantaneous _ (0-8) (VoH - VoL) nt (VoL - VoH) 
Slew Rate (SR) ~ fe ts 


FIGURE 6. SLEW RATE DEFINITION 


Transmitters 


The transmitters are TTL/CMOS compatible inverters which 
translate the inputs to RS-232 outputs. The input logic thresh- 
old is about 26% of Voc, or 1.3V for Voc = 5V. A logic 1 at 
the input results in a voltage of between -5V and V- at the out- 
put, and a logic 0 results in a voltage between +5V and (V+ 
- 0.6V). Each transmitter input has an internal 400kQ pullup 
resistor so any unused input can be left unconnected and its 
output remains in its low state. The output voltage swing 
meets the RS-232C specification of +5V minimum with the 
worst case conditions of: both transmitters driving 3kQ mini- 
mum load impedance, Vcc = 4.5V, and maximum allowable 
operating temperature. The transmitters have an internally 
limited output slew rate which is less than 30V/us. The outputs 
are short circuit protected and can be shorted to ground indef- 
initely. The powered down output impedance is a minimum of 
3002 with +2V applied to the outputs and Vcc = OV. 


V+ 
Vec 


TXIN 
GND < Tyjn < Voc 
\- 


Tout 
V- < Vrout < V+ 


FIGURE 7. TRANSMITTER 


Receivers 


The receiver inputs accept up to +30V while presenting the 
required 3kQ to 7kQ input impedance even it the power is off 
(Vcc = OV). The receivers have a typical input threshold of 
1.3V which is within the +3V limits, known as the transition 
region, of the RS-232 specification. The receiver output is 
OV to Voc. The output will be low whenever the input is 
greater than 2.4V and high whenever the input is floating or 
driven between +0.8V and -30V. The receivers feature 0.5V 
hysteresis to improve noise rejection. 
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ICL232 


Vec 
RXIN Rout 

-30V < Ryin < +30V GND < Vrout < Vcc 
GND 


FIGURE 8. RECEIVER 


T1n, T2iny 


OR 
Rtn, R2in 


Tout T2out Vou 
OR 


R1out; R2out 


tpHL te tpLH > —«— 


PHL + 'PLH 
2 


FIGURE 9. PROPAGATION DELAY DEFINITION 


Average Propagation Delay = 


Applications 


The ICL232 may be used for all RS-232 data terminal and 
communication links. It is particularly useful in applications 
where +12V power supplies are not available for conven- 
tional RS-232 interface circuits. The applications presented 
represent typical interface configurations. 


A simple duplex RS-232 port with CTS/RTS handshaking is 
illustrated in Figure 10. Fixed output signals such as DTR 
(data terminal ready) and DSRS (data signaling rate select) 


DTR 


INPUTS 
OUTPUTS 
TTLICMOS DCD 


DSRS 


R1 


is generated by driving them through a 5kQ resistor 
connected to V+. 


+5V 


CTR (20) DATA 
TERMINAL READY 
DSRS (24) DATA 
SIGNALING RATE 
SELECT 


uh. C4 
1 uF RS-232 
= INPUTS AND OUTPUTS 
14 
TD (2) TRANSMIT DATA 


INPUTS” RTS 
OUTPUTS 
TTL/ICMOS' RD 


RTS (4) REQUEST TO SEND 
RD (3) RECEIVE DATA 


CTS CTS (5) CLEAR TO SEND 


SIGNAL GROUND (7) 


FIGURE 10. SIMPLE DUPLEX RS-232 PORT WITH CTS/RTS 
HANDSHAKING 


In applications requiring four RS-232 inputs and outputs 
(Figure 11), note that each circuit requires two charge pump 
capacitors (C1 and C2) but can share common reservoir 
capacitors (C3 and C4). The benefit of sharing common res- 
ervoir capacitors is the elimination of two capacitors and the 
reduction of the charge pump source impedance which 
effectively increases the output swing of the transmitters. 


TD (2) TRANSMIT DATA 
RTS (4) REQUEST TO SEND 
RD (3) RECEIVE DATA 

CTS (5) CLEAR TO SEND 


+5V 


RS-232 
INPUTS AND 
OUTPUTS 


DTR (20) DATA TERMINAL 
READY 

DSRS (24) DATA SIGNALING 
RATE SELECT 

DCD (8) DATA CARRIER 
DETECT 


Ri (22) RING INDICATOR 


SIGNAL GROUND (7) 


FIGURE 11. COMBINING TWO ICL232s FOR 4 PAIRS OF RS-232 INPUTS AND OUTPUTS 
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COMMUNICATION 


INTERFACE 


COUNTERS WITH DISPLAY DRIVERS/ 
TIMEBASE GENERATORS 


PAGE 

BRO CRN 624 cbs ncnvekadesd toed snsheeen 6oh0s ens c0 be bOkG See LOR Ke OAReNeGd eee da OGeeenhexrons 9-2 
Counters With Display Drivers/Timebase Generators Data Sheets 

CA3161 BCD to Seven Segment Decoder/Driver.... 0.0... cece eee ence eees 9-5 

ICM7211, ICM7212 4-Digit, |CM7211 (LCD) and ICM7212 (LED) Display Drivers................. 0... cease 9-6 

ICM7213 One Second/One Minute Timebase Generator. ........ 0... cc cece eee eee eens 9-9 

ICM7216A, 8-Digit, Multi-Function, Frequency Counters/Timers.......... 0.0... cc eee eee eee eae 9-10 

ICM7216B, 

ICM7216D 

ICM7217 4-Digit LED Display, Programmable Up/Down Counter ............. 00. e eee ee eee 9-12 

ICM7224 41/5 Digit LCD Display Counter... 0.2.0.0... 0c cece cece cece eee eee eee ee eeeeeeees 9-14 

ICM7226A, 8-Digit, Multi-Function, Frequency Counter/Timer. .......... 0... cece eee ee eens 9-15 

ICM7226B 

ICM7228 8-Digit, Microprocessor-Compatible, LED Display Decoder Driver...................0005- 9-17 

ICM7231, ICM7232 Numeric/Alphanumeric Triplexed LCD Display Drivers. ............ 0.00 e cece ee ee eeee 9-19 

ICM7243 8-Character, Microprocessor-Compatible, LED Display Decoder Driver..................4. 9-21 

ICM7249 5'/5 Digit LCD, Micro-Power Event/Hour Meter .............0.2.0c cece eeeeeeeeeeeeees 9-23 
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Selection Guide 


ANALOG TO DIGITAL CONVERTERS WITH DISPLAY OUTPUTS (2 Chip Sets) 


OUTPUT CONVERSION TIME 
PART NUMBER; TYPE RESOLUTION (SAMPLE RATE) PACKAGE TYPES FEATURES 
CA3161 LED, CA, 3 Digits 10ms/250ms 16 Lead PDIP 
BCD (96SPS/4SPS) 
CA3162 


ANALOG 
SIGNAL 


2 Chip Set Makes a Complete DPM A/D 
Converter, 3 Digit Output, “EEE”: Positive 
Over-Range Indication, “-”: Negative Over- 
Range Display 


DISPLAY 
DRIVER 
OUTPUTS 
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Selection Guide (Continued) 


TIMER/COUNTERS WITH DISPLAY DRIVERS 


DISPLAY FUNCTIONS 
TYPE 


UNIVERSAL 
LED LCD | VF COUNTERS 
4 DIGIT 


cure awww corres TT TT TT] pl TT 
Preset Predetermining 

OMret7A |counters, sequencers, | || | | |e| [e| fooen] | [ [eff] |e 
On Off Delay 

tomret7® brimers,eatcn == LL tL oT tet | def ET | ede] de def 


ICM7217C Counters. Presets and 
Loads Compare 
Register From Thumb- 
wheel Switches 


4.5 DIGIT 


ICM7224 10yA Operating Cur- (Note 1) 
rent, Can Be Cascaded 
for More Digits 


5.5 DIGIT 


ICM7249 Event Timer Counter, 
Hour Meter. 14 
Programmable Modes. 
Selectable 
Input Filtering 


8 DIGIT 


IOMT216A_| Urivereel Frequency ee rs ee en ee 
Counter with Display 
IOM72168 _| Drivers. 4 internal Gato MERE ERROCR EDR 


Times, Auto 

ICM7216D Decimal Point, Leading 
Zero Blanking, Overflow 
Indication. Display Off, 
Hold, and Reset 
Inputs. 


reek eee te ee 2 eee 


Period and Time Inter- 
- ele TECTTEFTEFPFFTTTT UT 
NOTE: 


Outputs, p.P PIA Com- 
1. These counters will measure frequency when used with the ICM7207 (0.01s or 0.1s timebase) or the ICM7207A (0.1s and 1s timebase). 
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Selection Guide (Continued) 


NUMBER OF 
CHARACTERS OR DIGITS DISPLAY TYPE 
ICM7211 Drives Conventional LCD 


Displays. Includes RC _ 
ICM7211A —_| Oscillator, Divider Chain, g 


Latches, Interface and LCD | 
IOM7211M__| Drivers DRE RRC 
ICM7211AM 


ICM7212AM | Drives Common Anode LED 
Displays. 28 Current Controlled . 
Outputs. Includes Latches, 
Interface and Brightness 
Control. 


cureeen apecorromanones coe le lel TTT TT Tl [it] 
64 Independent LEDs. Includes 

1ow722e8 |exsMemory,Muttplexedteo |] ®} | | | | | (-| | | | [-f-| | [- 
Drivers, Encoders, Interface and 

1om7228C {control applications incude |®]®{ | | | | | [-| | | [ef-| | | [e 

arena |e Owen DOSSS8 SOeeeeooeeo 


ICM7231BF |8 Digits, 16 Annunciators on 3 
COM 3, Code B 
ICM7232B 10 Digits, 20 Annunciators on 10 350 
COM 3, Code B 
1 


DISPLAY DRIVERS 


Ss 


, A-F) 


, H, E, L, P, -, AND BLANK) 


COMMENTS 
AND 
TYPE APPLICATIONS 


, COMMON ANODE NON-MUX 
, COMMON CATHODE MUX 


, COMMON ANODE MUX 
, NUMBER OF WAYS MUX’D 


'e CYCLE TIME (ns) 


Zz NUMBER OF ALPHANUMERIC 18 SEGMENTS 


| | | NUMBER OF DOT MATRIX 
| | fueo 


a. 
ie) 

+ 
” 
= 
= 
Ww 
= 
O 
WW 
i) 
© 
= 
© 
ea 
Lu 
= 
=] 
= 
< 
= 
a. 
-l 
< 
ada. 
1°) 
ec 
uw 
a 
= 
=) 
= 


a NUMBER OF DECIMAL POINTS OR ANNUNCIATOR 
= NUMBER OF ALPHANUMERIC 14 SEGMENTS + DP 
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ICM7232C | 10 Digits, 20 Annunciators on 350 
COM 1 43, Code B 


curea [erprenmere creases | [Tel [ETT TTI [et rr) = 
Decimal pt. can be Daisy 

ICM7243B | Chained or Cascaded 

CA3161 BCD-to-Seven Segment 
Decoder Driver 


CA3161 


BCD to Seven Segment Decoder/Driver 


Gn FARRIS 


SEMICONDUCTOR 


August 1997 


Features Description 


e TTL Compatible Input Logic Levels The CA3161E is a monolithic integrated circuit that performs 
the BCD to seven segment decoding function and features 
constant current segment drivers. When used with the 
¢ Eliminates Need for Output Current Limiting Resistors CA3162E A/D Converter the CA3161E provides a complete 

. ; digital readout system with a minimum number of external 
e Pin Compatible with Other Industry Standard 


e 25mA (Typ) Constant Current Segment Outputs 


parts. 
Decoders 
e Low Standby Power Dissipation ........ 18mW (Typ) 
Ordering Information 
TEMP. 
PART NUMBER | RANGE (°C) 
CA3161E 16 Ld PDIP 
Pinout Functional Block Diagram 
CA3161 
(PDIP) a E 
TOP VIEW = b = 
a ro) 
z Cie 
Q WwW 
O d$2 
YW”) ° ” 5 
E (1g 
a = 
z ” 9) 6 
a 5 ws 
g é ° 
re) 
x 
Ld 
- 2 
= a 
* = 
2 Lu 
a = 
3 SG SEGMENT 
7) > a» g 
W~) 
= oc 
SEGMENT DRIVER SEGMENT ~ 
IDENTIFICATION ad 
ee 
2) 
O 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 079.3 
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ICM7211, ICM7212 


Complete data sheet available via web, Harris’ 


4-Digit, ICM7211 (LCD) and 
ICM7212 (LED) Display Drivers 


home page: http://www.semi.harris.com 
or via Harris AnswerFAX, see Section 17 


Features ICM7211 (LCD) 


e Four Digit Non-Multiplexed 7 Segment LCD Display 
Outputs with Backplane Driver 


Complete Onboard RC Oscillator to Generate Backplane 
Frequency 


¢ Backplane Input/Output Allows Simple Synchronization 
of Slave-Devices to a Master 


e ICM7211 Devices Provide Separate Digit Select Inputs to 
Accept Multiplexed BCD Input (Pinout and Functionally 
Compatible with Siliconix DF411) 


e ICM7211M Devices Provide Data and Digit Address 
Latches Controlled by Chip Select Inputs to Provide a 
Direct High Speed Processor Interface 


ICM7211 Decodes Binary to Hexadecimal; ICM7211A 
Decodes Binary to Code B (0-9, Dash, E, H, L, P, Blank) 


1CM7211A Available in Surface Mount Package 


Features ICM7212AM (LED) 


e 28 Current-Limited Segment Outputs Provide 4-Digit 
Non-Multiplexed Direct LED Drive at >5mA Per Segment 


Brightness Input Allows Direct Control of LED 
Segment Current with a Single Potentiometer or 
Digitally as a Display Enable 


ICM7212AM Device Provides Same Input Configuration 
and Output Decoding Options as the ICM7211AM 


Ordering Information 


Leasrwumsen | “rire | orccone | wremacna |e" | neta excnace | ra.no. 
PART NUMBER TYPE DECODING INTERFACING TYPE RANGE (°C) 

jewermec | co |rmeena |More |oweaone | owes [owsror [ews 
fewer | co [eos _|outvoe _|oveaowe | owes fowsror [ews 


(ower AIed Multiplexed 40 05 [#sLamare [G44.tox70 


Description 


The ICM7211 (LCD) and ICM7212 (LED) devices constitute 
a family of non-multiplexed four-digit seven-segment CMOS 
display decoder-drivers. 


The ICM7211 devices are configured to drive conventional 
LCD displays by providing a complete RC oscillator, divider 
chain, backplane driver, and 28 segment outputs. 


The ICM7212 devices are configured to drive common- 
anode LED displays, providing 28 current-controlled, low 
leakage, open-drain N-Channel outputs. These devices 
provide a brightness input, which may be used at normal 
logic levels as a display enable, or with a potentiometer as a 
continuous display brightness control. 


These devices are available with multiplexed or microproces- 
sor input configurations. The multiplexed versions provide four 
data inputs and four Digit Select inputs. This configuration is 
suitable for interfacing with multiplexed BCD or binary output 
devices, such as the ICM7217, ICM7226, and ICL7135. The 
microprocessor versions provide data input latches and Digit 
Address latches under control of high-speed Chip Select 
inputs. These devices simplify the task of implementing a 
cost-effective alphanumeric seven-segment display for micro- 
processor systems, without requiring extensive ROM or CPU 
time for decoding and display updating. 


The standard devices will provide two different decoder 
configurations. The basic device will decode the four bit 
binary inputs into a seven-segment alphanumeric hexadeci- 
mal output. The “A” versions will provide the “Code B” output 
code, i.e., 0-9, dash, E, H, L, P, blank. Either device will cor- 
rectly decode true BCD to seven-segment decimal outputs. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


File Number 3158.1 
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ICM7211, ICM7212 


Pinouts 
ICM7211, ICM7211A 1CM7211M, ICM7211AM 
(PDIP) (PDIP) 
TOP VIEW TOP VIEW 


DIGIT 
SELECT 
INPUTS 


DATA 
INPUTS 


ICM7212AM 
(PDIP) 
TOP VIEW 
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Pinouts (Continued) 


ICM7211, ICM7212 


ICM7211A 
(MQFP) 
TOP VIEW 
a. Bo 2 
corhbseszueauo 
a21__ is” _ ™ - - | dd VSS 
b2CT |} 2 ~~ T 104 
DIGIT 
Ty V3 onc aaa, 
os sin SELECT 
d2C [jj 4 ied O2 | INPUTS 
e2Cl W5 | JD1 
NCC [ i} 6 | NC 
g2CL 1] 7 | JB3 
f2C Tj] 8 Y__..)B2 | DATA 
d3 Cl] 9 eT) B1 [ INPUTS 
BET 1 }B0 
c3 CI} 20 21 23 r | _jf4 
Fou Uo ook 
SS8SB2f&sSsn 833s 
1CM7211AM 
(MQFP) 
TOP VIEW 
a. Bo D 
Aro mho>zvseasonao 
a2t[ i. - x " i — |) Vss 
b2C-[T_}j 2 32|1L___1_) CHIP SELECT 2 
c2C [jj 3 311...) CHIP SELECT 1 
d2(_[__}j 4 301i 1. | DIGITAL ADRESS BIT 2 
e2UT 315 Pe——“T-"} DIGITAL ADRESS BIT 1 
NCL [Ji 6 PT} NC 
g2CL_}i 7 wen cet 
f2C Tj] 8 1) B2 | DATA 
d3 CI] 9 eT} Bi [ INPUTS 
b3CT 4/10 | } BO 
11 
CoU 12 13 14 15 20 21 29° |}-—L-) #4 
PU LU LL uuu oo 
SS8BLX®seegsegssts& 


Bort hi ICM7213 


Complete Data Sheet available via web, Harris’ 


aD 


home page: http://www.semi.harris.com One Second/One Minute 
August 1997 or via Harris AnswerFAX, see Section 17 Timebase Generator 
Features Description 
e Guaranteed 2V Operation The ICM7213 is a fully integrated micropower oscillator and 


frequency divider with four buffered outputs suitable for inter- 
facing with most logic families. The power supply may be 


Very Low Current Consumption (Typ)... .100yA at 3V 


e All Outputs TTL Compatible either a two battery stack (Ni-cad, alkaline, etc.) or a regular 
. power supply greater than 2V. Depending upon the state of 
* On Chip Oscillator Feedback Resistor the WIDTH, INHIBIT, and TEST inputs, using a 


¢ Oscillator Requires Only 3 External components: 4.194304MHz crystal will produce a variety of output fre- 
Fixed Capacitor, Trim Capacitor, and A Quartz Crystal quencies including 2048Hz, 1024Hz, 34.133Hz, 16Hz, 1Hz, 
and "egHz (plus composites). 
e Output Inhibit Function 


The ICM7213 utilizes a very high speed low power metal 
* 4 Simultaneous Outputs: One Pulse/s, One Pulse/Min, gate CMOS technology which uses 6.4V zeners between the 


16Hz and Composite 1024 + 16 + 2Hz Outputs drains and sources of each transistor and also across the 

¢ Test Speed-Up Provides Other Frequency Outputs supply terminals. Consequently, the |CM7213 is limited to a 

6V maximum Vsupp ty, although a simple dropping network 

Ordering Information can be used to extend the Vsypp iy range well above 6V 
(See Figure 9). 


TEMP. 
PART NUMBER | RANGE (°C) 


ICM7213IPD | 251085 | 14 Ld PDIP E143 


Pinout 
ICM7213 
(PDIP) 
TOP VIEW 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 31 65.1 
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FARRIS 


SEMICONDUCTOR 


ICM7216A, ICM7216B, 


ICM7216D 


Complete Data Sheet available via web, Harris’ 
home page: http://www.semi.harris.com 


August 1997 


Features All Versions 
¢ Functions as a Frequency Counter (DC to 10MHz) 


e Four Internal Gate Times: 0.01s, 0.1s, 1s, 10s in 
Frequency Counter Mode 


Directly Drives Digits and Segments of Large Multi- 
plexed LED Displays (Common Anode and Common 
Cathode Versions) 


Single Nominal 5V Supply Required 
Highly Stable Oscillator, Uses 1MHz or 10MHz Crystal 


Internally Generated Decimal Points, Interdigit Blanking, 
Leading Zero Blanking and Overfiow Indication 


Display Off Mode Turns Off Display and Puts Chip Into 
Low Power Mode 


Hold and Reset Inputs for Additional Flexibility 


Features ICM7216A and ICM7216B 


e Functions Also as a Period Counter, Unit Counter, 
Frequency Ratio Counter or Time Interval Counter 


e 1 Cycle, 10 Cycles, 100 Cycles, 1000 Cycles in Period, 
Frequency Ratio and Time Interval Modes 


e Measures Period From 0.5us to 10s 


Features ICM7216D 


¢ Decimal Point and Leading Zero Banking May Be 
Externally Selected. 


Ordering Information 


earrnmoen [ree eo] eacxsce | "tor 
PART NUMBER | RANGE (°C) 

fewareas | eves faceror [rae 
jewareer | ewes |esaeor [emo 
jewareor | sees fearon [ems 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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or via Harris AnswerFAX, see Section 17 


8-Digit, Multi-Function, 
Frequency Counters/Timers 


Description 


The ICM7216A and ICM7216B are fully integrated Timer 
Counters with LED display drivers. They combine a high 
frequency oscillator, a decade timebase counter, an 
8-decade data counter and latches, a 7-segment decoder, 
digit multiplexers and 8-segment and 8-digit drivers which 
directly drive large multiplexed LED displays. The counter 
inputs have a maximum frequency of 10MHZz in frequency 
and unit counter modes and 2MHz in the other modes. Both 
inputs are digital inputs. In many applications, amplification 
and level shifting will be required to obtain proper digital 
signals for these inputs. 


The ICM7216A and ICM7216B can function as a frequency 
counter, period counter, frequency ratio (fa/fp) counter, time 
interval counter or as a totalizing counter. The counter uses 
either a 10MHz or 1MHz quartz crystal timebase. For period 
and time interval, the 10MHz timebase gives a 0.ips 
resolution. In period average and time interval average, the 
resolution can be in the nanosecond range. In the frequency 
mode, the user can select accumulation times of 0.01s, 0.1s, 
1s and 10s. With a 10s accumulation time, the frequency 
can be displayed to a resolution of 0.1Hz in the least 
significant digit. There is 0.2s between measurements in all 
ranges. 


The ICM7216D functions as a frequency counter only, as 
described above. 


All versions of the ICM7216 incorporate leading zero 
blanking. Frequency is displayed in kHz. In the ICM7216A 
and ICM7216B, time is displayed in ws. The display is 
multiplexed at 500Hz with a 12.2% duty cycle for each digit. 
The ICM7216A is designed for common anode displays with 
typical peak segment currents of 25mA. The ICM7216B and 
ICM7216D are designed for common cathode displays with 
typical peak segment currents of 12mA. In the display off 
mode, both digit and segment drivers are turned off, 
enabling the display to be used for other functions. 


File Number 


3166.1 


ICM7216A, ICM7216B, ICM7216D 


Pinouts 


ICM7216A 
COMMON ANODE 
(CERDIP) 
TOP VIEW 


CONTROL INPUT [7 INPUT A 
INPUT B [2 27] HOLD INPUT 
FUNCTION INPUT [3] [26] OSC OUTPUT 
daa eel 25] OSC INPUT 
SEG e OUTPUT [5 24] EXT OSC INPUT 
SEG g OUTPUT [6 DIGIT 1 OUTPUT 
SEG a OUTPUT DIGIT 2 OUTPUT 
Vss [8 | 21] DIGIT 3 OUTPUT 


SEG d OUTPUT [9) 
SEG b OUTPUT [10) 


20] DIGIT 4 OUTPUT 
9] DIGIT 5 OUTPUT 


SEG c OUTPUT [11 48] Vop 
SEG f OUTPUT [12] DIGIT 6 OUTPUT 


RESET INPUT [13] 46] DIGIT 7 OUTPUT 
RANGE INPUT [14 45] DIGIT 8 OUTPUT 


ICM7216B 
COMMON CATHODE 
(PDIP) 

TOP VIEW 


CONTROL INPUT [7 28] INPUT A 
INPUT B [2] 27] HOLD INPUT 
FUNCTION INPUT [3] 26] OSC OUTPUT 
DIGIT 1 OUTPUT [4] 25] OSC INPUT 
DIGIT 3 OUTPUT [5] 
DIGIT 2 OUTPUT [6| 
DIGIT 4 OUTPUT 


OUTPUT 
SEG g OUTPUT 


Vss [8] 21] SEG e OUTPUT 
DIGIT 5 OUTPUT [9] 20] SEG a OUTPUT 
DIGIT 6 OUTPUT [10) 19] SEG d OUTPUT 
DIGIT 7 OUTPUT [11| 18] Vpp 


DIGIT 8 OUTPUT [i2| 
RESET INPUT [13| 
RANGE INPUT [74 


SEG b OUTPUT 
46] SEG c OUTPUT 
15] SEG f OUTPUT 


COMMON CATHODE 


CONTROL INPUT [7 
MEASUREMENT IN PROGRESS [2 
DIGIT 1 OUTPUT [3] 

DIGIT 3 OUTPUT [4] 

DIGIT 2 OUTPUT | 5 | 

DIGIT 4 OUTPUT [6] 

Vss 

DIGIT 5 OUTPUT [8] 

DIGIT 6 OUTPUT [9] 

DIGIT 7 OUTPUT [10) 

DIGIT 8 OUTPUT [11] 

RESET INPUT [12| 

EX. DECIMAL POINT INPUT [13] 
RANGE INPUT [14 


INPUT A 

27] HOLD INPUT 
[26] OSC OUTPUT 
25] OSC INPUT 

24] EXT OSC INPUT 
DECIMAL POINT OUTPUT 
SEG g OUTPUT 
[21] SEG e OUTPUT 
20] SEG a OUTPUT 
19] SEG d OUTPUT 
18] Vop 

SEG b OUTPUT 
6] SEG c OUTPUT 
5] SEG f OUTPUT 


[24] EXT OSC INPUT 
DECIMAL POINT 
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a HARRIS ICM7217 


Complete Data Sheet available via web, Harris’ 


home page: http:/Awww.semi.harris.com 4-Digit LED Display, 
August 1997 |__OF Via Harris AnswerFAX, see Section 17_ | Programmable Up/Down Counter 


Features Description 
e Four Decade, Presettable Up-Down Counter with The ICM7217 is a four digit, presettable up/down counter with 
Parallel Zero Detect an onboard presettable register continuously compared to the 


counter. The ICM7217 is intended for use in hard-wired 
applications where thumbwheel switches are used for loading 
data, and simple SPDT switches are used for chip control. 


Settable Register with Contents Continuously 
Compared to Counter 


Directly Drives Multiplexed 7 Segment Common 


This circuit provides multiplexed 7 segment LED display 
Anode or Common Cathode LED Displays 


outputs, with common anode or common cathode 


* On-Board Multiplex Scan Oscillator configurations available. Digit and segment drivers are 
provided to directly drive displays of up to 0.8 inch 
¢ Schmitt Trigger On Count Input character height (common anode) at a 25% duty cycle. The 


frequency of the onboard multiplex oscillator may be 


* TTL Compatible BCD V/O Port, Carry/Borrow, Equal, controlled with a single capacitor, or the oscillator may be 


and Zero Outputs allowed to free run. Leading zeros can be blanked. The 
¢ Display Blank Control for Lower Power Operation; data appearing at the 7 segment and BCD olitputs Is 
Quiescent Power Dissipation <5mW latched; the content of the counter is transferred into the 


latches under external control by means of the Store pin. 


The ICM7217 (common anode) and ICM7217A (common 

Single 5V Supply Operation cathode) versions are decade counters, providing a 
maximum count of 9999, while the ICM7217B (common 
anode) and ICM7217C (common cathode) are intended for 
timing purposes, providing a maximum count of 5959. 


This circuit provides 3 main outputs; a CARRY/BORROW 
output, which allows for direct cascading of counters, a 
ZERO output, which indicates when the count is zero, and 
an EQUAL output, which indicates when the count is equal 
to the value contained in the register. Data is multiplexed to 
and from the device by means of a three-state BCD I/O port. 
The CARRY/BORROW, EQUAL, ZERO outputs, and the 
BCD port will each drive one standard TTL load. 


All Terminals Fully Protected Against Static Discharge 


To permit operation in noisy environments and to prevent 
multiple triggering with slowly changing inputs, the count 
input is provided with a Schmitt trigger. 


Input frequency is guaranteed to 2MHz, although the device will 
typically run with fjyy as high as SMHz. Counting and comparing 
(EQUAL output) will typically run 750kKHz maximum. 


Ordering Information 


wien | NESE | ncnace | OR | htc | wea. 
NUMBER (°C) TYPE MAX COUNT 

[ewan | aswes[astcror [commcames | onennons [exe 
pewaan [awe [astaror | Gamoncanows [twingssso [eas 
fewer [awe [asuscenor [amonanes  [oomansoos [Fans 
pewairan [aswes [aviscenor  [amonans | twinassso [Fano 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3167.1 
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ICM7217 


Pinouts 
ICM7217 (PDIP) ICM7217 (CERDIP) 
COMMON ANODE COMMON CATHODE 
TOP VIEW TOP VIEW 


CARRY/BORROW [1 | D1 CARRY/BORROW [1 28] SEG d 
ZERO | 2| 27] D2 ZERO | 2| 27] SEG b 
EQUAL [3 26] D3 EQUAL 26] SEG f 
BCD VO 8s [4 25] D4 BCD VO 8s [4 25] SEG c 
BCD V0 4s [5 24] Vop BCD VO 4s [5 24] Vpp 
BCD VO 2s [6 DISPLAY CONT. BCD VO 2s [6 SEG a 
BCD VO 1s 1CM7217 SEG g BCD VO 1s ICM7217A SEG e 
COUNT INPUT [6] 'CM7217B [31] SEG b COUNTINPUT [6] 'CM7217C = [34] SEag 
STORE [9 20] Vss STORE 20] DISPLAY CONT. 
UP/DOWN [i0! 79] SEG e UP/DOWN fio! 79] Vss 
LOAD REGISTER/OFF [11] 18] SEG f LOAD REGISTER/OFF [11] 18] D1 
LOAD COUNTER/VO OFF [12| SEG d LOAD COUNTER/WVO OFF [12 D2 
SCAN [13] 16] SEG a SCAN fig 76] D3 


Vpp 


UP/DN 
COUNT 


Vss 


CARRY/BARROW EQUAL 


2s vo 


1s » Vop 
LOAD 


2 VSS COUNTER 


Vv 
i LOAD 


© VSS REGISTER 


ov 
' OD DISPLAY 
SS CONTROL 
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DISPLAY BLANK + OFF 
SEGMENT DECODER 
eee eee a a 
SEGMENT DRIVERS DIGIT DRIVERS 
4 SCAN 
(7) (4) BCD V/0 INPUTS OSCILLATOR 


COM. ANODE: PULL DOWN 
COM. CATHODE: PULL UP 


ABCDEFG D4 D3 D2 D1 
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SEMICONDUCTOR 
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ICM7224 


Complete Data Sheet available via web, Harris’ 
home page: http://www.semi.harris.com 


Features 


e High Frequency Counting - Guaranteed 15MHz, Typically 
25MHz at 5V 


Low Power Operation - Typically Less Than 100uW 
Quiescent 


STORE and RESET Inputs Permit Operation as 
Frequency or Period Counter 


True COUNT INHIBIT Disables First Counter Stage 
CARRY Output for Cascading Four-Digit Blocks 


Schmitt-Trigger on the COUNT Input Allows Operation 
in Noisy Environments or with Slowly Changing Inputs 


Leading Zero Blanking INput and OUTput for Correct 
Leading Zero Blanking with Cascaded Devices 


Provides Complete Onboard Oscillator and Divider 
Chain to Generate Backplane Frequency, or 
Backplane Driver May be Disabled Allowing Segments 
to be Slaved to a Master Backplane Signal 


Pinout 


ICM7224 
(PDIP) 
TOP VIEW 


D1 
C1 
B1 
Al 
OSCILLATOR 


COUNT 
COUNT INHIBIT 
LZB OUT 
LZB IN 
CARRY 
'/p - DIGIT 
F4 

G4 

E4 

D4 

C4 

B4 


or via Harris AnswerFAX, see Section 17 


4'/5 Digit LCD Display Counter 


Description 


The ICM7224 device is a high-performance, CMOS 4"/p 
digit counter, including decoder, output latch, display driver, 
count inhibit, leading zero blanking, and reset circuitry. 


The counter section provides direct static counting, guaran- 
teed from DC to 15MHz, using a 5V +10% supply over the 
operating temperature range. At normal ambient tempera- 
tures, the devices will typically count up to 25MHz. The 
COUNT input is provided with a Schmitt trigger to allow 
operation in noisy environments and correct counting with 
slowly changing inputs. The COUNT INHIBIT, STORE and 
RESET inputs allow a direct interface with the ICM7207 and 
ICM7207A to implement a low cost, low power frequency 
counter with a minimum component count. 


These devices also incorporate several features intended to 
simplify cascading four-digit blocks. The CARRY output 
allows the counter to be cascaded, while the Leading Zero 
Blanking INput and OUTput allows correct Leading Zero 
Blanking between four-decade blocks. The BackPlane driver 
of the LCD devices may be disabled, allowing the segments 
to be slaved to another backplane signal, necessary when 
using an eight or twelve digit, single backplane display. 


These devices provide maximum count of 19999. The 
display drivers are not of the multiplexed type and each dis- 
play segment has its own individual drive pin, providing high 
quality display outputs. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 
ICM7224IPL | 251085 | 40 Ld PDIP 40.6 | 
ICM7224RIPL + | -25t085 | 40 Ld PDIP E406 | 


t “R” Indicates Device With Reversed Leads Configuration. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 9-14 


File Number 3168.1 


on - ICM7226A, 
MARES ICM7226B 


Complete Data Sheet available via web, Harris’ 


home page: http://Awww.semi.harris.com 8-Digit, Multi-Function, 
August 1997 or via Harris AnswerFAX, see Section 17 Frequency Counter/Timer 
Features Description 
e CMOS Design for Very Low Power The ICM7226 is a fully integrated Universal Counter and 


: LED display driver. It combines a high frequency oscillator, a 
ei malo mee Heips ice Digits and decade timebase counter, an 8-decade data counter and 
Sg One a Eee g sala latches, a 7-segment decoder, digit multiplexer and segment 
Measures Frequencies from DC to 10MHz; Periods = and digit drivers which can directly drive large LED displays. 


from 0.5,1s to 10s The counter inputs accept a maximum frequency of 10MHz 
* Stable High Frequency Oscillator uses either 1MHz or in frequency and unit counter modes and 2MHz in the other 
40MHz Crystal modes. Both inputs are digital inputs. In many applications, 


amplification and level shifting will be required to obtain 


e Both Common Anode and Common Cathode Available proper digital signals for these inputs. 


* Control Signals Available for External Systems the 1¢M7226 can function as a frequency counter, period 


Interfacing counter, frequency ratio (f,a/fg) counter, time interval counter 

e Multiplexed BCD Outputs or as a totalizing counter. The devices require either a 
1OMHz or 1MHz quartz crystal timebase, or if desired an 

. : external timebase can also be used. For period and time 

Ap P lications interval, the 10MHz timebase gives a 0.1ps resolution. In 
e Frequency Counter period average and time interval average, the resolution can 


be in the nanosecond range. In the frequency mode, the 
user can select accumulation times of 0.01s, 0.1s, 1s and 
e Unit Counter 10s. With a 10s accumulation time, the frequency can be dis- 
played to a resolution of 0.1Hz. There is 0.2s between mea- 
surements in all ranges. Control signals are provided to 
e Time Interval Counter enable gating and storing of prescaler data. 


Ordering Information Leading zero blanking has been incorporated with frequency 


display in kHz and time in ps. The display is multiplexed at a 
TEMP. 
PART NUMBER | RANGE (°C) 


500Hz rate with a 12.2% duty cycle for each digit. The 
ICM7226A is designed for common anode displays with typi- 
fewaasan [as wes [souscenor [ros 
fewrazsam | -aswes [eousror [ewe 


e Period Counter 


e Frequency Ratio Counter 


cal peak segment currents of 25mA, and the ICM7226B is 
designed for common cathode displays with typical segment 
currents of 12mA. In the display off mode, both digit drivers 
and segment drivers are turned off, allowing the display to 
be used for other functions. 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 31 69.1 
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ICM7226A, ICM7226B 


Pinouts 
ICM7226A 
COMMON ANODE (CERDIP) 
TOP VIEW 
CONTROL INPUT | 1) INPUT A 
INPUT B | 2) HOLD 
MEASUREMENT IN PROGRESS | 3) BUF OSC OUT 
FUNCTION | 4) NC (NOTE 1) 
STORE [5] OSC OUT 
BCD 4 [6| OSC IN 
BCD 8 NC (NOTE 1) 
DP /8 EXT OSC IN 
SEG e [9 RST OUT 
SEG g [10 EXT RANGE 
SEG a [17] D1 
Vss |12 D2 
SEG d [13 D3 
SEG b 14 D4 
SEG c |15 D5 
SEG f [16 Vpp 
BCD 2 D6 
BCD 1 [18 D7 
RST INPUT [19 D8 
EXT DP IN [20) RANGE 
ICM7226B 
COMMON CATHODE (PDIP) 
TOP VIEW 
CONTROL INPUT | 1| INPUT A 
INPUT B | 2) HOLD 
MEASUREMENT IN PROGRESS | 3) BUF OSC OUT 
FUNCTION | 4) NC (NOTE 1) 
STORE [5 | OSC OUT 
BCD 4 [6 OSC IN 
BCD 8 NC (NOTE 1) 
Di [8] EXT OSC IN 
D3 [9) RST OUT 
D2 fio EXT RANGE 
D4 |11| DP OUT 
Vss [12 SEG g 
D5 SEG e 
D6 SEG a 
D7 SEG d 
Ds Vpp 
BCD 2 SEG b 
BCD 1 SEGC 
RST INPUT SEG f 
EXT DP IN RANGE 
NOTE: 


1. For maximum frequency stability, connect to Vpp or Vss. 
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SEMICONDUCTOR 


ICM7228 


8-Digit, Microprocessor- 
Compatible, LED Display Decoder Driver 


Ga FARRIS 


August 1997 


Features Description 
e Improved 2nd Source to Maxim ICM7218 The Harris |CM7228 display driver interfaces microproces- 
° Fast Write Access Time of 200ns sors to an 8-digit, 7-segment, numeric LED display. Included 


P . on chip are two types of 7-segment decoder, multiplex scan 
Multiple Microprocessor Compatible Versions circuitry, LED display segment drivers, LED display digit 
¢ Hexadecimal, Code B and No Decode Modes drivers and an 8-byte static memory as display RAM. 


Individual Segment Control with “No Decode” Feature aia can be written to the ICM7228A and ICM7228B’s display 
Digit and Segment Drivers On-Chip RAM in sequential 8-digit update or in single-digit update for- 
Non-Overlapping Digits Drive Le Data is written i. the nial and ICM7228D display 
: RAM in parallel random access format. The ICM7228A and 

Reaction ew nee Lee veneee ICM7228C drive common anode displays. The ICM7228B and 
¢ Low Power CMOS Architecture ICM7228D drive common cathode displays. All versions can 


¢ Single 5V Supply display the RAM data as either Hexadecimal or Code B format. 
; . The ICM7228A and ICM7228B incorporate a No Decode mode 
Applications allowing each bit of each digit's RAM word to drive individual 


display segments resulting in independent control of all display 
segments. As a result, bargraph and other irregular display 
segments and formats can be driven directly by this chip. 


The Harris |CM7228 is an alternative to both the Maxim 


e Instrumentation 
e Test Equipment 
e Hand Held Instruments 


¢ Bargraph Displays ICM7218 and the Harris ICM7218 display drivers. Notice that 

e Numeric and Non-Numeric Panel Displays the ICM7228A/B has an additional single digit access mode. 

* High and Low Temperature Environments where LCD This could make the Harris |CM7218A/B software incompatible 
Display Integrity is Compromised with ICM7228A/B operation. 


Ordering Information 


[Pant womaen [DATRENTAY PROTOCOL DGRLAVIVPE [TEMP RANGECC)| PAOKAGE  _PxKG.NO 
fewrazsar—_[seweria ___[ooronareso | woes |onrapor [emo 
fewrazser —__|[sewsnta __|CormonCahowe | woes fessor [ease 
rewrezec [Random |oormonarewo | woes |astaror [emo 
fewreasor [Random |oormencaheowe | woes _|esraror [ease 
fcwrezear __[Sewonia _|oornondrwie | owes [suasoc [was 
fewrezsser __|[Seworia __|oonnon arose | owes [osuasoo [was 
rewrezecs; [Ransom [oormonarowe |  aowes _fesrssoe |wees 
jewrzzeoe [Reon |oormoncahows | wowes  |esrssoc _|wena 
fewrezseusesss[Seweria Connon arose _| sseies |ostacenom [rae 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 31 60.1 
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Pinouts 


ICM7228A 
(CERDIP, PDIP, SOIC) 
COMMON ANODE 
TOP VIEW 


28] Vss 
127] SEG a 
126] SEGg 
125] SEG d 
24] SEG f 
DIGIT 3 
DIGIT 6 
21] DIGIT 7 
20] DIGIT 4 
19} Vop 
18] DIGIT 8 
DIGIT 5 
16] DIGIT 2 
15] DIGIT 1 


ICM7228C 
(CERDIP, PDIP, SOIC) 
COMMON ANODE 
TOP VIEW 


SEG c [1] 

SEG e | 2| 

SEG b [3 

DP | 4| 

DAO (DIGIT ADDRESS 0) [5| 
DA1 (DIGIT ADDRESS 1) | 6| 
ID7 (INPUT DP) 


Vss 
27} SEG a 
126] SEG g 
25] SEG d 
24] SEG f 
DIGIT 3 
DIGIT 6 
21] DIGIT 7 


HEXA/CODE B/SHUTDOWN [9 20] DIGIT 4 
DA2 (DIGIT ADDRESS 2) [10 49] Vop 

ID1 [11] 78] DIGIT 8 

IDo [12] DIGIT 5 

ID2 [13) 46] DIGIT 2 

ID3 [14] 45] DIGIT 1 


ICM7228 


HEXA/CODE B/SHUTDOWN | 9| 


ICM7228B 


(CERDIP, PDIP, SOIC) 
COMMON CATHODE 
TOP VIEW 


28] Vss 
27] DIGIT 7 
26] DIGIT 5 
25] DIGIT 2 
24] DIGIT 8 
SEG g 
SEG f 
21] SEGe 
20] SEG c 
19} Vpp 
i8] SEG d 
SEG b 
16] SEG a 


15} DP 


ICM7228D 
(CERDIP, PDIP, SOIC) 
COMMON CATHODE 
TOP VIEW 
DIGIT 4/1) Vss 
piarr 6 [2 | [27] DIGIT 7 
DIGIT 3 | 3| 26] DIGIT 5 
DIGIT 1 [4] 25] DIGIT 2 


DAO (DIGIT ADDRESS 0) | 5 | 
DA1 (DIGIT ADDRESS 1) | 6 | 
ID7 (INPUT DP) 

WRITE 


24] DIGIT 8 
SEG g 
SEG f 
21] SEGe 
120] SEG c 
19] Vop 
ia] SEG d 
IDo [i2} SEG b 
ID2 [13) 16] SEG a 
ID3 75] DP 


DA2 (DIGIT ADDRESS 2) [10] 
1D1 [ii 


FARRIS 


SEMICONDUCTOR 


uD 


ICM7231, ICM7232 


Complete data sheet available via web, Harris’ 
home page: http://www.semi.harris.com 


Numeric/Alphanumeric Triplexed 
LCD Display Drivers 


or via Harris AnswerFAX, see Section 17 


August 1997 


Features Description 


e ICM7231 Drives 8 Digits of 7 Segments with Two 
Independent Annunciators Per Digit Address and Data 
Input in Parallel Format 


The 1CM7231 and ICM7232 family of integrated circuits are 
designed to generate the voltage levels and switching wave- 
forms required to drive triplexed liquid-crystal displays. 


These chips also include input buffer and digit address 
decoding circuitry allowing six bits of input data to be 
decoded into 64 independent combinations of the output 
segments of the selected digit. 


ICM7232 Drives 10 Digits of 7 Segments with Two 
Independent Annunciators Per Digit Address and Data 
Input in Serial Format 


All Signals Required to Drive Rows and Columns of 


Triplexed LCD Display are Provided The family is designed to interface to modern high- 


performance microprocessors and microcomputers and 
ease system requirements for ROM space and CPU time 
needed to service a display. 


Display Voltage Independent of Power Supply 
¢ On-Chip Oscillator Provides All Display Timing 


¢ Total Power Consumption Typically 200uW, Maximum 
500uW at 5V 


e Low-Power Shutdown Mode Retains Data With 5uW 
Typical Power Consumption at 5V, 1.W at 2V 


Direct Interface to High-Speed Microprocessors 


Ordering Information 


[_resramwsen[Tewrnanceo | vsccoe [ wamsnoroare | wrromar | m.no 
fewraverm [awe [owror | tom | row [| ene 
ferecere [awe [owror | om | ow | ene 
feracca | see _[euror | oom | oa | ens 


NOTE: 
All versions intended for triplexed LCD displays. 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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Pinouts 


BP3 

b1, c1, ani1 
ai, gi, di 
fi, e1, an21 
b2, c2, ani2 
a2, g2, d2 
f2, e2, an22 
b3, c3, ani3 
a3, g3, d3 
f3, e3, an23 
b4, c4, an14 
a4, 94, d4 
f4, e4, an24 
b5, c5, ani5 
a5, g5, d5 
f5, e5, an25 


ICM7231BF 
(PDIP, CERDIP) 
TOP VIEW 


Vpp 
A2 

Al 

AO 

Vss 
BD3 
BD2 
BD1 
BDO 
AN2 
AN1 


DATA CLOCK 
INPUT 


VpisP 
BP1 


BP2 

BP3 

b1, cl, ani1 
ai, g1, d1 
fi, e1, an21 
b2, c2, ani2 
a2, g2, d2 
f2, e2, an22 
b3, c3, an13 
a3, g3, d3 
f3, e3, an23 
b4, c4, ani4 
a4, 94, d4 
f4, e4, an24 
b5, c5, ani15 
a5, 95, d5 
f5,e5, an25 


f8, a8, an28 
a8, g8, d8 
b8, c8, an18 
f7, e7, an27 
a7, 97, d7 
b7, c7, ani7 
f6, e6, an26 
a6, g6, dé 
b6, c6, ani6 


ICM7232CR 
(PDIP) 
TOP VIEW 
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ICM7231, ICM7232 


ICM7232AF, BF 
(PDIP, CERDIP) 
TOP VIEW 


DATA CLOCK 
INPUT 


VpisP 


40] Vop 
39] WRITE INPUT 


BP1 [3] [38] DATA INPUT 
pp2 [a1 le re 
BP3 [5 36] Vss 
b1, c1, ani1 35] £10, e10, an210 
ai, gi, d1 a10, g10, d10 
fi, e1, an21 33] b10, c10, an110 
b2, c2, ani2 f9, e9, an29 
a2, g2, d2 31] a9, g9, d9 
f2, e2, an22 30} b9, c9, an19 
b3, c3, an13 29} f8, a8, an28 
a3, g3, d3 a8, g8, d8 
f3, e3, an23 27} b8, c8, an18 
b4, c4, ani4 26] {7, 7, an27 
a4, g4, d4 25] a7, 97, d7 
f4, e4, an24 24] b7, C7, ani7 
b5, c5, ani5 23] £6, e6, an26 
a5, g5, d5 a6, g6, dé 
f5, e5, an25 21] b6, c6, ani6 


WRITE INPUT 


DATA INPUT 


DATA ACCEPTED 
OUTPUT 


Vss 

b6, c6, anié6 
a6, g6, dé 

f6, e6, an26 
b7, C7, ani7 
a7, 97, d7 

7, e7, an27 
b8, c8, ani8 
a8, 98, d8 

f8, a8, an28 
b9, c9, ani9 
a9, g9, d9 

f9, e9, an29 
b10, c10, an110 
a10, g10, d10 
f10, e10, an210 
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SEMICONDUCTOR 


ICM7243 


8-Character, Microprocessor- 
Compatible, LED Display Decoder Driver 


aD 


August 1997 


Features 
¢ 14-Segment and 16-Segment Fonts with Decimal Point 


e Mask Programmable for Other Font-Sets Up to 64 
Characters 


e Microprocessor Compatible 
e Directly Drives LED Common Cathode Displays 
e Cascadable Without Additional Hardware 


e Standby Feature Turns Display Off; Puts Chip in Low 
Power Mode 


Sequential Entry or Random Entry of Data Into 
Display 


Single +5V Operation 


e Character and Segment Drivers, All MUX Scan 
Circuitry, 8 x 6 Static Memory and 64-Character ASCII 
Font Generator Included On-Chip 


Ordering Information 


[earrmumoen |rnae co] pacxsce | "toe 
PART NUMBER | RANGE (°C) 

fowacan [afew [wvaroe feos 
jowrassom. | wes fwsaroe [ews 


Description 


The ICM7243 is an 8-character, alphanumeric display driver 
and controller which provides all the circuitry required to 
interface a microprocessor or digital system to a 14-segment 
or 16-segment display. It is primarily intended for use in 
microprocessor systems, where it minimizes hardware and 
software overhead. Incorporated on-chip are a 64-character 
ASCII decoder, 8 x 6 memory, high power character and 
segment drivers, and the multiplex scan circuitry. 


6-bit ASCil data to be displayed is written into the memory 
directly from the microprocessor data bus. Data location 
depends upon the _ selection of either Sequential 
(MODE = 1) or Random access mode (MODE = 0). In the 
Sequential Access mode the first entry is stored in the 
lowest location and displayed in the “left-most” character 
position. Each subsequent entry is automatically stored in 
the next higher location and displayed to the immediate 
“right” of the previous entry. A DISPlay FULL signal is pro- 
vided after 8 entries; this signal can be used for cascading 
devices together. A CLeaR pin is provided to clear the mem- 
ory and reset the location counter. The Random Access 
mode allows the processor to select the memory address 
and display digit for each input word. 


The character multiplex scan runs whenever data is not 
being entered. It scans the memory and CHARacter drivers, 
and ensures that the decoding from memory to display is 
done in the proper sequence. Intercharacter blanking is 
provided to avoid display ghosting. 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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File Number 3162.1 


ICM7243 


Pinouts 
ICM7243A (16-SEGMENT CHARACTER) ICM7243B (14-SEGMENT CHARACTER) 
(PDIP, CERDIP) (PDIP, CERDIP) 
TOP VIEW TOP VIEW 
Vop SEG | SEG m 
SEG m SEG g2 SEG | 
SEGe SEG b SEG g2 
SEG g1 SEG i SEG b 
SEG k SEG f SEG i 
SEGC SEG d2 SEG f 
SEG d1 DP DP 
SEG al SEG h SEG h 
SEG a2 SEG j SEG | 
DO MODE MODE 
D1 AO/SEN AO/SEN 
D2 A1/CLR A1/CLR 
D3 A2/DISP FULL A2/DISP FULL 
D4 OSC/OFF OSC/OFF 
D5 CHAR 1 CHAR 1 
cs CHAR 2 CHAR 2 
WR CHAR 3 CHAR 3 
CHAR 8 CHAR 4 CHAR 4 
CHAR 7 Vss Vss 
CHAR 6 CHAR 5 CHAR 5 
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BHarnis _. _ ICM7249 


5 '/> Digit LCD, 


August 1997 Micro-Power Event/Hour Meter 


Features Description 
e Hour Meter Requires Only 4 Parts Total The ICM7249 Timer/Counter is intended for long-term 
* Micropower Operation: < 1A at 2.8V (Typ) battery-supported industrial applications. The ICM7249 


typically draws 1A during active timing or counting, due to 
e 10 Year Operation On One Lithium Cell. 2"/p Year Harris’ special low-power design techniques. This allows 
Battery Life with Display Connected more than 10 years of continuous operation without battery 
i ; replacement. The chip offers four timing modes, eight 

Directly Drives 5'/2 Digit LCD counting modes and four test modes. 


=e Eigen gems Meee OF peraten The ICM7249 is a 48 lead device, powered by a single DC 


¢ Times Hrs., 0.1 Hrs., 0.01 Hrs., 0.1 Mins. voltage source and controlled by a 32.768kHz quartz crystal. 
F : , , , No other external components are required. Inputs to the 

Counts 1's, 10's, 100’s, 1000's chip are TTL-compatible and outputs drive standard direct 
e Dual Function Input Circuit drive LCD segments. 


- Selectable Debounce for Counter 
- High-Pass Filter for Timer 


Pinout 
¢ Direct AC Line Triggering with Input Resistor ICM7249 
. oe 7 (PDIP) 
Winking “Timer Active” Display Output TOP VIEW 


¢ Display Test Feature 
Applications 

e AC or DC Hour Meters 

e AC or DC Totalizers 

e Portable Battery Powered Equipment 


GND 
OSC OUTPUT 
OSC INPUT 


e Long Range Service Meters 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 


ICM7249IPM -20to85 |48Ld PDIP E48.6 


Vpp 


® 
COUNTERS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 31 70.1 
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D/A Converter Data Sheets 
AD7520, AD7530 10-Bil, 12-Bit, Mulliplying D/A. CONVERGES: ..cccnccstesccacesreeeivansawne es case eden 10-7 
AD7521, AD7531 
AD7523, AD7533 Brn, RU EA, OVENS in 0.2 608 060068655 CdSe Ende ewes ROD SSE R Pee hasewe een 10-8 
AD7541 Te-Bil, DAUNIDIING DA CONVENE! ccc cces che cares aevnecereswedeedesd eeaeeeterine en 10-9 
AD7545 12-Bit, Buffered, Multiplying CMOS DAC ........ 0... ccc cece eee ene nnee 10-10 
CA3338, CA3338A CMOS Video Speed, 8-Bit, 50 MSPS, R2R D/A Converters. ......... 0... cee eee eee ees 10-11 
HI-565A High Speed, Monolithic D/A Converter with Reference............. 0. ce eee eee ee eee eee 10-12 
HI-DAC80V, 12-Bit, Low Cost, Monolithic D/A Converters ............ cee ee eee eee eee 10-13 
HI-DAC85V 
H11106 8-Bit, 35 MSPS, High-Speed D/A Converter (TTL Input) ............. 0. eee eee eee ee ee 
H1I1171 8-Bit, 40 MSPS, High Speed D/A Converter .....0ccccvsceensv ee eansesenvensuasonuens 
HI1177 -8-Bit, 40 MSPS, 2-Channel D/A Converter ......... 0... ccc cece cee cee teen tent eens 
HI1178 Triple 8-Bit, 40 MSPS, RGB, 3-Channel D/A Converter ............ 2.0... cee ee eee eee 
H1I1260 Triple 8-Bit, 35 MSPS, RGB, 3-Channel D/A Converter ........... 0... cece eee ee eee eee 
HI20201 10-Bit, 160 MSPS, Ultra-High-Speed D/A Converter ........... 0... cee cee ee eens 
H1I20203 8-Bit, 160 MSPS, Ultra High-Speed D/A Converter... 1.0... 0... cece eee eee eee ee eee 
HI20206 Triple 8-Bit, 35 MSPS, RGB, 3-Channel D/A Converter .............. 00. cece eee eee 
HI2304 Triple 8-Bit, 20 MSPS, RGB, 3-Channel D/A Converter ......... 0... cece ee eee eee ene 
HI2307 Triple 10-Bit, 50 MSPS, RGB, 3-Channel D/A Converter .......... 0... cee ee eee ee eens 
HI2309 Triple 10-Bit, 50 MSPS, 3-Channel D/A Converter... 0.0... .... ccc eee eee eee eee eens 
HI2315 10-Bit, 80 MSPS D/A Converter (Ultra-Low Glitch Version) ............. 2.0... e ee eee 
HI3050 Triple 10-Bit, 50 MSPS, High Speed, 3-Channel D/A Converter 
HI3197 10-20, Wo Mrs tr GONVGGGl hack nab con wkddondrd seen ee orcw en we seed eee wwe ca weee 
HI3338 5-5, CMOS RAZR D/A COnVGNET .ccccas cs eneeeer ecard eo ete eke reed See e ee Oe ee ew 
HI5721 10-Bit, 125 MSPS, High Speed D/A Converter... cen cccodccnsas ener ew snensceewens sens 
HI5728 10-Bit, 125 MSPS, Dual High Speed D/A Converter... cs ccsccerscvssacwecscesaveswenss 
HI5731 12-Bit, 100 MSPS, High Speed D/A Converter... 1.0.0.0... ccc eee eee eee ees 
HI5735 12-Bit, 80 MSPS, High Speed Video D/A Converter. ..... 2... cc ccc cee eee eee ee eee 
HI5741 14-Bit, 100 MSPS, High Speed D/A Converter... 1... 0... ccc ccc ere reece eee ea neees 
HI5760 10-Bi, 125 MSPS, High Speed D/A CONVENE... occ ca reves nede cevewteaaeenaerae weena 
HI5780 10-Bit, 80 MSPS, High Speed, Low Power D/A Converter... ......... 0... eee ee eee eee 
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8-BIT GENERAL PURPOSE D/A CONVERTERS 
(NOTES 2, 3) 


INL DNL CONV. TECH- MULTI- | OUTPUT | INPUT TEMP. 
DEVICE (LSB) (LSB) RATE NOLOGY | SUPPLY (V) | PLYING VV BUFFER | RANGE VReF FEATURES 
AD7523J Monotonic CMOS-JI | +5V to +16V X COM External |Second Source, 3  Perfor- 
: mance Grades, External Ref- 
AD7523K erence, Current Output 
AD7523L 


at 2.5mA 
10-BIT GENERAL PURPOSE D/A CONVERTERS 
OUT- 
TECH- MULTI- | PUT | INPUT TEMP. 
NOLOGY {SUPPLY (V)} PLYING| IV | BUFFER} RANGE FEATURES 


(Excl | Ladder) 
(NOTES 2, 3) INL CONV. 
DEVICE MIL SPEC | (LSB) RATE 


Ce i a 500 Typ | CMOS-JI}45Vto+15V] —X com, | External | Full Input Static 

at 2mA MIL Protection, Second Source, 
er rr re (Excl | Lad- 3 Performance Grades, External 
AD7520K Po fat | der) Reference, Current Output 


1 
2 
1 
AD7530J | ae | 500 Typ | CMOS-JI}+5Vto+15V] —X COM, | External | Full Input Static Protection, Full 
at 2mA MIL Input Static Protection, Second 
(Excl | Lad- Source, 3 Performance Grades, 
4 der) External Reference, Current 
| ae | 1.25 | 800Max | CMOS-JI}+5Vto+15V| com | E&XT |Full Input Static 
at 2mA Protection, Second Source, Low 
1 (Excl | Lad- Cost, External Reference, 
" der) Current Output 


SPINE) UOI]IVI9S 


+ 


D/A CONVERTERS 


y-Ol 


PT Priri rit S| = 
O;}O;70;7; 07 OF O 
Stati alaiaia 
RIS RTSL RTS 
NAP nip atataly = 
A Oi ririaA 


12-BIT GENERAL PURPOSE D/A CONVERTERS 


INL DNL 
MILSPEC | (LSB)| (LSB) 


8-BIT HIGH SPEED D/A CONVERTERS 
POWER 
TIME TECH- SUPPLY | MULTI- | OUTPUT] INPUT | TEMP. 
NOLOGY (V) PLYING VV BUFFER | RANGE 


(NOTES 2, 3) 
DEVICE 


SETTLING OuT- 
CONV. TimME | TECH- | POWER | MULTI- | PUT] INPUT | TEMP. 
RATE (us) |NOLOGY|SUPPLY (V)| PLYING| VW | BUFFER| RANGE FEATURES 
Bipolar — |"|* -— INT | LowCost, Internal Op 


Amp 
0.5 Typ Bipolar- INT 
DI 


HI3-DAC80V 


HI3-DAC85V -4 


H+ 
ak 
nn 


H11-565AJD 


an 
a 


Industry Standard, DI 
Process, 

Internal Reference, 
Current Output 


H11-565AKD 
HI1-565ASD 


+ 
_ 
nn 


HI1-565ATD 


AD7521J 0.5 Typ | CMOS-JI | +5V to +15V 12-Bit Versions of 
at 2mA AD7520, AD7530 
(Excl | 


Ladder) 


AD7521K 
AD7521L 


AD7531J CMOS-JI | +5V to +15V 
at 2mA 
(Excl | 


Ladder) 


12-Bit Versions of 
AD7520, AD7530 


AD7531K 


AD7531L 


AD7541J CMOS-JI | +5V to +16V 
at 2mA 
(Excl | 


Ladder) 


Second Source, 
External Reference, 
Current Output 


JEEROROORDE 


+5V to +16V 
at 2mA 
(Excl | 

Ladder) 


Second Source, 
External Reference, 
Current Output 


SETTLING 


(NOTES 2, 3) 
DEVICE 


INL DNL 
(LSB)| (LSB) (ns) 


woo [safe [oe | fem] = | | | = | om 


FEATURES 


Video DAC, 3 Channel , 3.3V 
8-Bit Video Speed, Low Glitch 


HI20206 
HI3338 


(penunucd) ap/nkH) UONIajas 


S-Ol 


8-BIT HIGH SPEED D/A CONVERTERS (Continued) 


POWER 
SUPPLY 


TECH- MULTI- oa INPUT | TEMP. 
NOLOGY (V) PLYING BUFFER | RANGE VReF FEATURES 
CMOS 8-Bit Video Speed, Low Glitch, 
Low Power, Low Cost, 40 MSPS 
Bipolar EXT {8-Bit 160MHz D/A with ECL 
Inputs,Low Glitch, Low Power 
CMOS p48.3 Video DAC, 3-chn 


(NOTES 2, 3) 


OUT- 
TECH- MULTI- | PUT | INPUT | TEMP. 
DEVICE NOLOGY PLYING| V/V | BUFFER| RANGE VREF FEATURES 
HI5721 BIB +0.5 +0.5 BiCMOS | +5/-5.2 Yes Yes INT 10-Bit, 125MHz, Low Glitch, Low Pow- 
BIP er, TTL/CMOS Inputs, High Speed 
DAC for Communications Applications 
5.2 Typ Bipolar Yes Yes COM EXT 10-Bit 160MHz D/A with ECL 

Inputs, Low Glitch, Low Power 


a OCs 
_ 
went 
= 
= 
_ 
_ 


(NOTES 2, 3) 
DEVICE 


2 


ce [| ves [oof 
Po [1 | ves [oo [ 
To [| ve [oom [fewer visoon 
Cs Pres [| ves [com | [towroneconm 
ee 
=| 5 ee [xe a 
pee pe [xe [er 


CMOS Dual D/A 


D/A CONVERTERS 


(penunuod) SpINE) UOI}IajaSg 
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12-BIT HIGH SPEED D/A CONVERTERS 


POWER OUT- 
(NOTES 2, 3) INL DNL TECH- SUPPLY | MULTI- | PUT] INPUT | TEMP. 
DEVICE (LSB) (LSB) NOLOGY (V) PLYING | IV | BUFFER| RANGE VrReF FEATURES 


HI5731 BIB, BIP BiCMOS | 5 and -5.2 Low Power, High Speed, Low Glitch, 
TTL/CMOS Input, High Speed DAC 
for Communications Applications 

HI5735 KCP, a) .0 BiCMOS Low Power, High Speed, TTL/CMOS 

KCB Input, Low Glitch 


14-BIT HIGH SPEED D/A CONVERTERS 


; OUT- 
(NOTES 2, 3) INL DNL TECH- MULTI- | PUT | INPUT | TEMP. 
DEVICE (LSB) (LSB) NOLOGY PLYING | V/V | BUFFER} RANGE FEATURES 
HI5741 BIB, BIP +1.0 BiCMOS Internal | Low Power, High Speed, TTL/CMOS 
Input, Low Glitch, High Speed DAC 
for Communications Applications 


(panujucd) apINeH) UOIjIajasg 


- ‘AD7520, AD7530 


GD) EMR AD7521, AD7531 


ome ; ' , ‘ 
August 1997 ia Harris 10-Bit, 12-Bit, Multiplying D/A Converters 
Features Description 
¢ AD7520/AD7530, 10-Bit Resolution; 8-Bit, 9-Bit and The AD7520/AD7530 and AD7521/AD7531 are monolithic, 
10-Bit Linearity high accuracy, low cost 10-bit and 12-bit resolution, 


multiplying digital-to-analog converters (DAC). Harris’ 
thin-film on CMOS processing gives up to 10-bit accuracy 
with TTL/CMOS compatible operation. Digital inputs are fully 
e Low Power Dissipation (Max)...............: 20mW _siprotected against static discharge by diodes to ground and 
positive supply. 


AD7521/AD7531, 12-Bit Resolution; 8-Bit, 9-Bit and 
10-Bit Linearity 


e Low Nonlinearity Tempco at 2ppm of FSR/°C 
Typical applications include digital/analog _ interfacing, 


Current Settling Time to 0.05% of FSR ........ 1.0y8 multiplication and division, programmable power supplies, 
Supply Voltage Range................ +5V to +15V CRIT character generation, digitally controlled gain circuits, 


integrators and attenuators, etc. 
e TTL/CMOS Compatible 
The AD7530 and AD7531 are identical to the AD7520 and 
Full Input Static Protection AD7521, respectively, with the exception of output leakage 
e /883B Processed Versions Available current and feedthrough specifications. 


Ordering Information 


[PART NUMBER | LINEARITY ONL, DNL) | TEMP RANGE @) | PACKAGE | _PKG.NO.__ 
ABTS2ONN,ADTEOON | _o2%@eon [0070 [wiapoP [ewes 
[ADTSQOUN,ADTSGONN | osx (ToK) | adwes |reiapoP —ifewa 
ADTSZILN,ADTESIIN | 005% ("08K | _a0wes _[reiapoP ewes 
0 i 


251085 
faorsaoxd «dtm oo) | ast0as _[veuacenoP 
faprs2an0 | 005% (108) | 251005 _[ve.a GERD 
[ab7s20s0, abTsxosDRee | _oz%(esn) | S510125 _[veLdcERDP 
[Ab7s20u0,aDTs20uD/eese | _o0s% (OK) | _s5.0125 _[1GLACEROP 


Pinouts 
AD7520, AD7530 AD7521, AD7531 
(CERDIP, PDIP) (PDIP) 
TOP VIEW TOP VIEW 
louti L1 16] REEEDBACK lout1 1 18} REEEDBACK 
loute2 L2| 15] VRer loute | 2! VREF 
GND | 3| 14] V+ GND | 3) 16] V+ 
BIT 1 (MSB) | 4| 13} BIT 10 (LSB) BIT 1 (MSB) [4] 15] BIT 12 (LSB) o 
BIT 2 [5| 12] BIT 9 Bir2 [5 74] BIT 11 = 
BIT 3 [6| 11] BIT 8 BiT 3 [6] 43] BIT 10 7 
BIT 4 10} BIT 7 BIT 4 12] BIT 9 > 
BIT5 | 8 |9] BIT6 BIT 5 [8] 11] BIT 8 5 
BiT 6 [9] 40] BIT 7 < 
a) 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 31 04.1 
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SEMICONDUCTOR 


AD7523, AD7533 


Complete Data Sheet available via web, Harris’ 
home page: http://www.semi.harris.com 


Features 


8-Bit, 9-Bit and 10-Bit Linearity 

Low Gain and Linearity Temperature Coefficients 
Full Temperature Range Operation 

Static Discharge Input Protection 

TTL/CMOS Compatible 


or via Harris AnswerFAX, see Section 17 


8-Bit, Multiplying D/A Converters 


Description 


The AD7523 and AD7533 are monolithic, low cost, high 
performance, 8-bit and 10-bit accurate, multiplying digital-to- 
analog converter (DAC), in a 16 pin DIP. 

Harris’ thin film resistors on CMOS circuitry provide 10-bit 
resolution (8-bit, 9-bit and 10-bit accuracy), with TTL/CMOS 
compatible operation. 


The AD7523 and AD7533s_ accurate four 


quadrant 
multiplication, full military temperature range operation, full 
input protection from damage due to static discharge by 
clamps to V+ and GND, and very low power dissipation 
make it a very versatile converter. 


® SUDO RANGG. 0 ccc iew ise ween skews +5V to +15V 
e Fast Settling Time at 25°C ............ 150ns (Max) 


¢ Four Quadrant Multiplication 


; Low noise audio gain controls, motor speed controls, 
¢ AD7533 Direct AD7520 Equivalent 


digitally controlled gain and digital attenuators are a few of 
the wide range of applications of the AD7523 and AD7533. 


Ordering Information 


[Pant womaen [| UNEARTY OWL on) [ TEWP-RANGE®O] PACKAGE [| PRG.NO 
prancaoresan | ozwean | own [ewrop [ews 
praca sores | __orwean | ow _freweop ews 
poracanaoresan | cores | ow _freweop fees 


Pinout Functional Block Diagram 
AD7523, AD7533 
(PDIP) VREF IN 10kQ 10kQ 
TOP VIEW : 
(15) 
louti [1 16] RFEEDBACK atm 
lout2 [.2. 15] VRer in 
GND [3] 14] V+ 
NC/BIT 10 
BIT 1 (MSB) [4 13] (NOTE 1) >| 2 
wel NC/BIT 9 ouTz2 (2) 
(NOTE 1) SWITCHES > lous (1) 
i i 
BiT 3 [6] 41] BIT 8 , , 
BIT 4 10] BIT 7 ) 6 6 2 
MSB BIT 2 BIT 3 > RFEEDBACK 
BIT5 [8] | 9] BIT 6 (4) (5) (6) (16) 
NOTE: 


1. NC for AD7523 only. NOTE: Switches shown for digital inputs “High” 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


File Number 3105.1 
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AD7/541 


12-Bit, Multiplying D/A Converter 


uD 


August 1997 


Features Description 
¢ 12-Bit Linearity 0.01% The AD7541 is a monolithic, low cost, high performance, 
12-bit accurate, multiplying digital-to-analog converter 


e Pretrimmed Gain (DAC). 


* Low Gain and Linearity Tempcos Harris’ wafer level laser-trimmed thin-film resistors on CMOS 


Full Temperature Range Operation circuitry provide true 12-bit linearity with TTL/CMOS 
compatible operation. 


Full Input Static Protection 


* TTL/CMOS Compatible Special tabbed-resistor geometries (improving time stability), 


full input protection from damage due to static discharge by 


e +5V to +15V Supply Range diode clamps to V+ and ground, large Ioyt1 and Igyte bus 
lines (improving superposition errors) are some of the fea- 

* 20mW Low Power Dissipation tures offered by Harris AD7541. 

¢ Current Settling Time 11s to 0.01% of FSR Pin compatible with AD7521, this DAC provides accurate 

¢ Four Quadrant Multiplication four quadrant multiplication over the full military temperature 
range. 


Ordering Information 


PART NUMBER NONLINEARITY TEMP. RANGE (°C) | PACKAGE =| PKG.NO. 
AD7541JN 0.02% (11-Bit) 0 to 70 18 Ld PDIP E18.3 
ADTSAIKN 0.01% (12-Bit) 0 to | 0to70 18 ieidpoIP PDIP ews 3 


AD7541LN 0.01% (12-Bit) Guaranteed 0 to 70 18 Ld PDIP E18.3 
Monotonic 


Pinout Functional Block Diagram 


AD7541 
(PDIP) VREF IN 
TOP VIEW 


10kQ = 10kQ 10kQ 


(17) 


louTi [1 18] REEEDBACK 
lout2 | 2! VREF IN 
anp [3] 6] V+ 
SPDT 
BIT 4 (MSB) [4 75] BIT 12 (LSB) als 
Bit 2 [5] 4] BIT 11 SWITCHES 


BIT 3 [6] 73] BIT 10 


9 louT2 (2) 
2 louti (1) 


ile 12] BIT 9 MSB- BIT2__BIT3 > Recepeacx 
BIT5 | 8| 11] BIT 8 (4) (5) (6) (18) 


BiIT6 [9 10] BIT 7 
NOTE: Switches shown for digital inputs “High”. 


”) 
oe 
LJ 
- 
oc 
Lu 
=> 
= 
O 
O 
< 
= 
a) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 31 07.1 
Copyright © Harris Corporation 1997 10-9 
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SEMICONDUCTOR 


August 1997 


Features 


Description 


e 12-Bit Resolution The AD7545 is a low cost monolithic 12-bit, CMOS 

: multiplying DAC with on-board data latches. Data is loaded 
* Low Gain T.C. 2ppm/°C (Typ) in a single 12-bit wide word which allows interfacing directly 
e Fast TTL/CMOS Compatible Data Latches to most 12-bit and 16-bit bus systems. Loading of the input 
latches is under the control of the CS and WR inputs. A logic 
low on these control inputs makes the input latches transpar- 
e Low Power ent allowing direct unbuffered operation of the DAC. 


¢ Single +5V to +15V Supply 


Low Cost 


/883 Processed Versions Available 


Ordering Information 


Lewmrnamsen |nanatéo| exoce_| 
PART NUMBER | RANGE (°C) 


Pinout Functional Diagram 
AD7545 Rep 
(PDIP) 
12-BIT @ 
G9 MULTIPLYING DAC —_ 


2) 


DB11 (MSB) [4] 


{7 


DB11 - DBO 
(PINS 4 - 15) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


File Number 3108.1 
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w HARRIS CA3338, CA3338A 


Complete Data Sheet available via web, Harris’ 
home page: http://www.semi.harris.com CMOS Video Speed, 8-Bit, 
August 1997 sab sciatic dia shahannichaleooh 50 MSPS, R2R D/A Converters 


Features Description 


CMOS/SOS Low Power The CA3338 family are CMOS/SOS high speed R2R voltage 
R2R Output, Segmented for Low “Glitch” output digital-to-analog converters. They can operate from a 
: single +5V supply, at video speeds, and can produce 

CMOS/TTL Compatible Inputs “rail-to-rail” output swings. Internal level shifters and a pin for 
Fast Settling: (Typ) to "fp LSB an optional second supply provide for an output range below 
Feedthrough Latch for Clocked or Unclocked Use digital ground. The data complement control allows the 
inversion of input data while the latch enable control pro- 

Accuracy (Typ)......+-.ssseeeeeeeeeeees +0.5LSB vides either feedthrough or latched operation. Both ends of 
Data Complement Control the R2R ladder network are available externally and may be 
High Update Rate (Typ) modulated for gain or offset adjustments. In addition, “glitch” 
energy has been kept very low by segmenting and thermom- 


Unipolar or Bipolar Operation eter encoding of the upper 3 bits. 


A pp lications The CA3338 is manufactured on a sapphire substrate to give 
low dynamic power dissipation, low output capacitance, and 
e TV/Video Display inherent latch-up resistance. 


¢ High Speed Oscilloscope Display 
¢ Digital Waveform Generator 
e Direct Digital Synthesis 


Pinout Ordering Information 
CA3338, CA3338A 
(PDIP, SBDIP, SOIC) PART LINEARITY TEMP. 
TOP VIEW NUMBER | (INL, DNL) | RANGE (°C) 


CA3338E +1.0 LSB -40to85 |16Ld PDIP E16.3 
CA3338AE | +0.75LSB | -40to85 |16Ld PDIP E16.3 


esses [sass | ase [otasoor [oes 


” 
o 
Lu 
b= 
oc 
Lu 
> 
= 
O 
O 
< 
> 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 10-11 


File Number 1850.2 


w HARRIS HI-565A 


Complete Data Sheet available via web, Harris’ 


home page: http://Awww.semi.harris.com High Speed, Monolithic D/A 
August 1997 OFA BEES BRN METE Rn ROS Sector 1 Converter with Reference 
Features Description 
¢ 12-Bit DAC and Reference on a Single Chip The HI-565A is a fast, 12-bit, current output, digital-to-analog 


: converter. The monolithic chip includes a precision voltage 
* Fin Compatible With ADSAGA reference, thin-film R2R ladder, reference control amplifier 


¢ Very High Speed: Settles to +0.5 LSB in 250ns (Max) and twelve high speed bipolar current switches. 


Full Scale Switching Time 30ns (Typ) The Harris dielectric isolation process provides latch free 
¢ Guaranteed For Operation With +12V Supplies operation while minimizing stray capacitance and leakage 
currents, to produce an excellent combination of speed and 
accuracy. Also, ground currents are minimized to produce a 


¢ Nonlinearity Guaranteed Over Temp (Max).. +0.5 LSB [ow and constant current through the ground terminal, which 
reduces error due to code dependent ground currents. 


¢ Monotonicity Guaranteed Over Temperature 


e Low Gain Drift (Max, DAC Plus Ref) ...... 25ppm/°C 
HI-565A dice are laser trimmed for a maximum integral 
¢ Low Power Dissipation .............+..+++. 250mMW non-linearity error of +0.5 LSB at 25°C. In addition, the low 
noise buried zener reference is trimmed both for absolute 
Applications value and temperature coefficient. Power dissipation is 


ically 250mW, with +15V supplies. 
° CRT Displays Enel PP 


e High Speed A/D Converters 


e Signal Reconstruction 


The HI-565A is offered in both commercial and military 
grades. See Ordering Information. 


¢ Waveform Synthesis 


Ordering Information 


[PART NUMBER | LINEARITY (NL) [ LINEARITY (OND [ TEMP. RANGE CC) | PACKAGE | _PKG.NO. 
Twrsesaxo-s | oasise | osoise | ow7s | asap [ome 
Trirsesato2 | oasse | osoise | sswias | viasanP [ome 
Trrsesaspiess | osoise | osoise | sews | osiaseP [ome 


Pinout Functional Diagram 


HI-565A (SBDIP) 
TOP VIEW REF 8 
OUT Voc BIP. OFF ¢ 


NC | 11 24] BIT 1 (MSB) IN 


NC | 2] BIT 2 IN 
10 
Voc [3. BIT 3 IN > SPAN 
REF OUT (+10V) | 4. 21} BIT 4 IN REE 
REF GND 20] BIT 5 IN 
5 | 20 _— 
REF IN | 6| 19] BIT 6 IN 
-VEE 48] BIT 7 IN ; 
REF 
BIPOLAR RIN | 8| BIT 8 IN GND 
IDAC OUT | 9 | 16] BIT 9 IN 
10V SPAN R [10] 15] BIT 10 IN = Vee PWRMSB LSB = 
20V SPAN R |11| 14] BIT 111N GND 


POWER GND /12, 13] BIT 12 (LSB) IN 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 31 09 1 
Copyright © Harris Corporation 1997 40-12 


HI-DAC8OV, 
HI-DAC85V 


12-Bit, Low Cost, Monolithic D/A Converters 


Ss 


SEMICONDUCTOR 


ao 


August 1997 


Features 


¢ DAC 80V/DAC 85V Alternative Source 

¢ Monolithic Construction 

e Fast Settling Time (Typ) ...........0..0eeeee 1.5us 
Guaranteed Monotonicity 

¢ Wafer Laser Trimmed Linearity, Gain, Offset 

e Span Resistors On-Chip 

e On-Board Reference 

* Supply Operation... ..cccsccccsasivsancasaes +12V 


Applications 


¢ High Speed A/D Converters 
¢ Precision Instrumentation 
e CRT Display Generation 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 
HI3-DAC80V-5 0 to 75 24 Ld PDIP E24.6 
HI3-DAC85V-4 -25to85 |24Ld PDIP e246 | 


Description 


The HI-DAC80V is a monolithic direct replacement for the 
popular DAC80 and AD DAC80. The HI-DAC85V is a mono- 
lithic direct replacement for the popular DAC85 and AD 
DAC85 as well as the HI-5685V. Single chip construction 
along with several design innovations make the HI-DAC80V 
the optimum choice for low cost, high reliability applications. 
Harris’ unique Dielectric Isolation (Dl) processing reduces 
internal parasitics resulting in fast switching times and mini- 
mum glitch. On board span resistors are provided for good 
tracking over temperature, and are laser trimmed to high 
accuracy. 


Internally the HI-DAC80V/HI-DAC85V_ eliminates code 
dependent ground currents by routing current from the posi- 
tive supply to the internal ground node, as determined by an 
auxiliary R2R ladder. This results in a cancellation of code 
dependent ground currents allowing virtually zero variation 
in current through the package common, pin 21. 


The HI-DAC80V is available as a voltage output device which 
is guaranteed over the 0°C to 75°C temperature range. The 
HI-DAC85V is available as a voltage output device which is 
guaranteed over the -25°C to 85°C temperature range. It 
includes a buried zener reference featuring a low temperature 
coefficient as well as an on board operational amplifier. The 
HI-DAC80V requires only two power supplies and will operate 
in the range of + (11.4V to 16.5V). 


Pinout 


Hi-DAC80V/HI-DAC85V 
(PDIP) 
TOP VIEW 


(MSB) BIT 1 [1 24] 6.3V REF OUT 
BIT 2] 2| GAIN ADJUST 
BIT 3] 3| +Vs 
BIT 4] 4| COMMON 
BIT5 | 5| = JUNCTION 
BIT 6] 6 20V RANGE 
BIT7 10V RANGE 
BIT 8] 8| BIPOLAR OFFSET 
BIT9] 9| 16] REF INPUT 
BIT 10 [10 15] Vout 
BIT 11111) Vs 
(LSB) BIT 12 [12 13] NC 
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Lu 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 10-13 


File Number 3110.1 


a MARS H1I1106 


8-Bit, 35 MSPS, 
August 1997 High-Speed D/A Converter (TTL Input) 


Features Description 


Resolution it The HI1106 is an 8-bit, 35MHz, high-speed D/A converter 
IC. Summing type current for the upper 2 bits and ladder 
type resistance for the lower 6 bits, ensures a low power 
consumption of 200mW (single power supply). 


High Speed Operation 
(Maximum Conversion Speed) 
MOn-LInGAnny This IC is suitable for digital TVs, graphic displays and other 
Low Glitch applications. 


TTL Compatible Input Ordering Information 


Power i 
ap isi PART TEMP. 
NUMBER RANGE (°C) 
Low Power Consumption labs oe M2425 
- +5V Single Power Supply (Typ) HI1106JCP 24 Ld PDIP E24.4-S 


- +5V Dual Power Supply (Typ) 
Direct Replacement for the Sony CXA1106 


Pinout 


HI1106 
(PDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 41 1 3 2 


Copyright © Harris C tion 1997 
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HI1106 


Functional Block Diagram 


DGND2 (5) 


(23) Pal 


oe ANALOG OUTPUT 


Fe 

ag 

(3) 
DECODER + 

mall 

= be 

7 


CIRCUIT 


DIGITAL DATA INPUT ms (16) 


Fo nore 
6 


CLOCK SYNCHRONIZED 


INPUT BUFFER 


loelere 
—— 
nn 


rl BUFFER 
Vec (8) 


(2) AGND1 
Bae INTERNAL 
iN REFERENCE 
/perenence 
(9) @ 


CLK DGND1 ie a 


Pin Descriptions 


| PINNO. | SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


Internal Reference Voltage Output pin 1.2V (Typ). An 
external pull down resistance is necessary. For 
reference see Notes on Application 1. 


Set to Analog Vcc for signal power supply and to 
Analog GND for dual power supply. Connect to 
AGND2 and use. 


Analog Output pin. 


DGND2 Set to Digital Voc for signal power supply and to 
Digital GND for dual power supply. 
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HI1106 


Pin Descriptions (continued) 


ie SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


No NoConnect 


ae Input pin. 
Vec (6) 
penn (7) 
D7, D6, Digital Input pin. D1 to MSB, D8 to LSB 
D5 - DO 


cm 


|ConnecttoAGNDorVee. = to AGND or |ConnecttoAGNDorVee. = 


Set to Analog GND for single power supply and to Veg 
for dual power supply. 


VSET Bias Input pin. Normally set Vset - Veg to 0.84V. For 
AGND1 2) reference see Notes on Application 1. 


NOTE: See the Application Circuit for reference. 
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HI1106 


Absolute Maximum Ratings Ty, = 25°C 


Thermal Information 


Supply Voltage Thermal Resistance (Typical, Note 2) 8 ya (CCW) 
VG UGNOG cic cgceevessnd BeOVeeRKer deeper nrd OV to 6V PDIP Package .......... cece eve e cece u ees 90 
Veg ~ AGND1, AGND2.... 1... eee eee ee eee “EVtOOV = SOIC Package............cceeecececeeeeees 90 
DGND2 - DGND1...... 6... cece cece eee eee OVto6V Maximum Power Dissipation, Pp ..............0e eee eee 1.27W 

Digital Input Voltage Maximum Junction Temperature (Plastic Package) ........ 150°C 
Vi FTE HARBORS OO! SH cle S Oe HOR & DGND1 - 0.3V to Voc + 0.3V Maximum Storage Temperature Range, TstG eae -55°C to 150°C 
(oll ee DGND1 - 0.3V to Vc¢ + 0.3V Maximum Lead Temperature (Soldering 10s)............. 300°C 

Input Voltage (Vset Pin), VseT....---- Veg - 0.3V to Veg + 2.7V (SOIC - Lead Tips Only) 

Output Current (Vpe_er Pin), IReF....... ee ee eee -5mA to OMA 

Recommended Operating Conditions 

SINGLE POWER SUPPLY MIN TYP MAX DUAL POWER SUPPLY MIN TYP MAX 

Supply Voltage Supply Voltage 
Voc, DGND2, AGND1, AGND2........ 4.75V 5V §.25V Vis nee e606 584 ee eee eee Roe e eR os 4.75V 5V 5.25V 
DGND2 - AGND1, DGND2-AGND2....-0.2V OV 0.2V WEE ao cen ceeodaeacsunmaeraseaoun -5.5V 5V — -4.75V 
AGND1 -AGND2.................6. -0.1V OV 0.1V DGND2 - AGND1, DGND2-AGND2 ... -0.2V OV -0.2V 

Digital Input Voltage AGND' = AGND2 scx escwesncewennne -0.1V OV 0.1V 
H Level, Vis, VEU csc cceesseeaeeas 2.0V - Vcc _ Digital Input Voltage 
L, LVGL Vis MOUs ee wi ee ene w buen ews DGND1_ - 1V I Levé), Vid, Veit » vce wed eeewe wns 2.0V . Vcc 

Vset Input Voltage, VseT ..........---- 0.70V 0.84V 1V 1 LQVGL, Vis VOU « casccasrnvacecas DGND1 - 1V 

Vaer Pin Current, leee .. 2.222 seeeeeves -3.0mA_- -0.4mMA = VserT Input Voltage, VseT.............. -4.30V -4.16V -4.00V 

Clock Pulse Width (Note 1) Veer Pin Curent, lees cccccncs acces -3mA - -0.4mA 
(OU a2 cteecamnces patadanaentwan 10ns - - Clock Pulse Width 
Co ee ee ee ee ee 10ns - - CO, ee ee ee 10ns - - 

Temperature Range, Topp.......... 66. e eee eees -20°C to 75°C Oiiissiveccusiacers bweesns veewexs 10ns - - 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. See Figure 6 in the Timing Diagram. 
2. 8ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications = T, = 25°C, Vcc = DGND2 = AGND1 = AGND2 = 5V, DGND1 = Ver = OV, Vser = 0.84V 


[PARAMETER | _TESTCONDMONS [| MN | TYP | WAX | UNT 
[Resoutonn ——SSCSCSC~dCOCCSSCSCSCSC“‘Cs‘iSSSd Od 
[Maximum Conversion Speed twax | Pu> ta or<zopr id’ 


Hz 
Linearity Error, EL Ri > 10kQ 
Differential Linearity Error, ED 
Full Scale Output Voltage, Ves Ry > 10kQ 


Ry > 10kQ 
Power Supply Current, loc Ry, > 10kQ, IRer = -400pA 


Digital Input Current 
H Level, |), 


Internal Reference Output Voltage, Vper | IReF = -400NA 


Propagation Delay Time, tpp Ry > 10kQ 


Glitch Energy, GE Ry > 10kQ, 
foLk = 1MHz, Digital Lamp Output 


3. Vos = AGND2 - V255 (V255 is the output voltage when full input is at high level). 


1.0 
4 
1.29 
11 


| 05 
| 05 
| 09 
a 
| 200 
| 82 
ee ee 
a, 
| 05 
eal 
a 
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HI1106 


Electrical Specifications = T, = 25°C, Voc = 5V, DGND1 = DGND2 = AGND1 = AGND2 = OV, Veg = -5V, Vset - Veg = 0.84V 


[_araweren | ___‘Testcowommons | wn | we | wax | wnt 
Recount 
[Manna Conran howd xe Pua toma. Gi<ar | | | | we 
Linearity Error, EL Ru > 10kQ | 05 | - | 05 | LSB 


Differential Linearity Error, DNL 


I~ 
” 
w 


Full Scale Output Voltage, Ves 
Offset Voltage, Vos 


= 
< 


Output Resistance, Ro 
Power Supply Current 


Digital Input Current 
H Level, I} 


cove aeee —— 
Veer Input Current, Iser [dl 
Internal Reference Output Voltage, Vaer 
Accuracy Output Voltage Range, Voc SC ae 1 


Set-Up Time, ts 


Propagation Delay Time, tpp Ry > 10kQ poe | 


Glitch Energy, GE Ry > 10kQ, 
foLk = 1MHz Digital Lamp Output 


pV/s 


INPUT/OUTPUT CODE TABLE 
(When Output Full Scale Voltage at 1.00V) 


INPUT CODE 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


OG 
< 

QO 

Oo T< 
4 | 8 
oa 

< 

° 
i 


-0.5V 


< 
QO 
Q 

< 
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Test Circuits 


dda! 4 


Th 
se4yd 


SINGLE POWER SUPPLY DUAL POWER SUPPLY DVcc AVcc DGND AGND Vege 


FIGURE 1. DC CHARACTERISTICS 


DIGITAL LAMP v 
WAVEFORM 


OCCURRENCE 


OSCILLOSCOPE 
RIN = 1MQ 
CIN = 10pF 
BW = 20MHz 


CLK 35MHz 
TTL LEVEL 
SQUARE 
WAVEFORM 


a 
— — ms 
SINGLE POWER SUPPLY DUAL POWER SUPPLY 


| i i i DATA ----f# ---------\----- 


DVcc AVcc DGND AGND Vee TIMING BETWEEN CLK AND DATA 


FIGURE 2. MAXIMUM CONVERSION SPEED 
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Test Circuits (Continued) 


H11106 


DIGITAL LAMP v 
WAVEFORM 


OCCURRENCE 


PULSE 
GENERATOR 
1MHz TTL 


DELAY 
CONTROLLING 


OSCILLOSCOPE 
RIN = 1MQ 


CIN = 20pF 


x BW = 5MHz 
eo 


PULSE 
GENERATOR FET PROBE OSCILLOSCOPE 
1MHz TTL RIN = 50Q 
CIN = 10pF 
FET PROBE BW = 200MHz 
pe — 
— beivdr 
SINGLE POWER SUPPLY DUAL POWER SUPPLY DVcc AVcc DGND AGND Veg 


FIGURE 3. SET-UP TIME AND HOLD TIME 


VREF 


8-BIT 
COUNTER 

(TTL LATCH 

OUTPUT) 


DIGITAL LAMP 
WAVEFORM 
OCCURRENCE 


OSCILLOSCOPE 
RIN = 1MQ 
, CIN = 10pF 
CLK 1MHz BW =5MHz 
TTL LEVEL 
SQUARE 
WAVEFORM 
oe on 
os Ome 


SINGLE POWER SUPPLY DUAL POWER SUPPLY 


$env0 


DVcc AVcc DGND AGND Vee TIMING BETWEEN CLK AND DATA 
FIGURE 4. GLITCH AREA 
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Test Circuits (Continued) 


wtOyt V 
V/p DIVIDER | $ 
OSCILLOSCOPE 
CLK 10MHz FET PROBE agape 
Uae CIN = 10pF 
SQUARE p 
WAVEFORM FET PROBE BW = 200MHz 


_ Gree 
= Cm 
SINGLE POWER SUPPLY DUAL POWER SUPPLY 


$en4va 


DVcc AVcc DGND AGND Vee 


TIMING BETWEEN CLK AND DATA 
FIGURE 5. PROPAGATION DELAY TIME 


Timing Diagram 


FIGURE 6. 
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Typical Performance Curves 


Ta = 25°C 
Voc = DGND2 = AGND1 


FIGURE 7. FULL-SCALE OUTPUT VOLTAGE (Ves) vs Vset 
(SINGLE POWER SUPPLY) 


Vset = 0.84V 

lReF = ~-400LA 

Voc = DGND2 = AGND1 
= AGND2 = 5V 

DGND1 = Veg = 0 

Ry, 2 10kQ 


Ta - Ves/Ves (25°C) 


-20 0 20 40 60 80 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 9. FULL-SCALE OUTPUT VOLTAGE (Vers) vs 
TEMPERATURE (SINGLE POWER SUPPLY) 


Vos (mV) 


Vser = 0.84V 

IREF = ~400HA 

Voc = DGND2 = AGND1 
= AGND2 = 5V 

DGND1 = Veg = OV 
Ry 2 10kQ 


-20 0 20 40 60 80 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 11. OUTPUT OFFSET VOLTAGE (Vos) vs 
TEMPERATURE (SINGLE POWER SUPPLY) 


Ta= 25°C 
Voc = 5V 
DGND1 = DGND2 


= AGND1 = AGND2 = 0 


VseT- an (V) 


FIGURE 8. FULL-SCALE OUTPUT VOLTAGE (Vrs) vs 
Vset - Veg (DUAL POWER SUPPLY) 


Vset - Vee = 0.84V 

IREF = ~400LA 

Voc = 5V 

DGND1 = DGND2 = AGND1 
= AGND2 = 0V 

Veg = -5V 

Ry 2 10kQ 


Ta - Ves/Ves (25°C) 


-20 0 20 40 60 80 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 10. FULL-SCALE OUTPUT VOLTAGE (Ves) vs 
TEMPERATURE (DUAL POWER SUPPLY) 


-20 0 20 40 60 80 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 12. OUTPUT OFFSET VOLTAGE (Vos) vs 


TEMPERATURE (DUAL POWER SUPPLY) 
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Typical Performance Curves (Continued) 


IREF = -4001A 
Voc = DGND2 = AGND1 


Voc = 5V 
DGND1 = DGND2 = AGND1 
= AGND2 = 0V 


DGND1 = Veg = OV 


> 1.250 

tL 

W 

c 

> 4.240 

- a AC OA 
—_ il 80 
Ta; AMBIENT TEMPERATURE is Ta; AMBIENT TEMPERATURE (°C) 
FIGURE 13. INTERNAL REFERENCE VOLTAGE (Vrer) vs FIGURE 14. INTERNAL REFERENCE VOLTAGE (VREF) vs 
TEMPERATURE (SINGLE POWER SUPPLY) TEMPERATURE (DUAL POWER SUPPLY) 


Vcc = DGND2 = AGND1 
= AGND2 = 5V 
DGND1 = Veg = OV 


DGND1 = DGND2 = AGND1 
= AGND2 = 0V 


Vtu (V) 


-20 0 20 40 60 80 
Ta, AMBIENT TEMPERATURE (°C) T,, AMBIENT TEMPERATURE (°C) 


FIGURE 15. THRESHOLD VOLTAGE (Vy) OF DIGITAL INPUT FIGURE 16. THRESHOLD VOLTAGE (Vy) OF DIGITAL INPUT 
vs TEMPERATURE (SINGLE POWER SUPPLY) vs TEMPERATURE (DUAL POWER SUPPLY) 


Voc = DGND2 = AGND1 


Vec = DGND2 = AGND1 
= AGND2 


= AGND2 oe 
DGND1 = Veg = OV DGND1 = Veg = 0V i 

Ry > 10kQ Ry > 10kQ = 

oc 

Wu 

> 

z 

e) 

FIGURE 17. OUTPUT OFFSET VOLTAGE (Vos) vs SUPPLY FIGURE 18. OUTPUT FULL-SCALE VOLTAGE (Vrs) vs SUPPLY is 
VOLTAGE (SINGLE POWER SUPPLY) VOLTAGE (DUAL POWER SUPPLY) 5 
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Typical Performance Curves (Continued) 


FIGURE 19. INTERNAL REFERENCE VOLTAGE (Vp_er) vs SUPPLY 
VOLTAGE (SINGLE POWER SUPPLY) 


Application Circuits 


D6 
(13) (12) = 
8-BIT (14) 411) (MSB) 
= 0 © 
(TTL) D4 (16) (9) CLK Ny CLK (TTL) 
D3 47) (8) 
D2 DGND1 
(18) Oe 


3 {2 
i 


(19) 
| NC 7 + D/Agut 
VEE (23) < AGND1 | + MATCHING RESISTANCE FOR LPF 


FIGURE 20. SINGLE POWER SUPPLY 
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Application Circuits 


D6 
(13) (12) = 
8-BIT - (14) (11) (MSB) 
INPUT D4 © @ CLK CLK (TTL) 
(TTL) = (16) (9) N, 
D2 D S DGND1 
D1 {Veco 77 
po us8) 6 oowe IT [_ 
NC © MS AOUT be LPF O 
(21) (4) Rt 
NC eS (3) AGND2 + D/Aout 
VEE €) PH AaND1 | + MATCHING RESISTANCE FOR LPF 
@) 7) VREF 
Wicssecionlllt 3K db LL 1 A . 
a DVcc AVcc DGND AGND Vee 
FIGURE 21. DUAL POWER SUPPLY 
Notes On Application 


1. Setting of Vref Pin (Pin 24) 
The full-scale voltage of the D/A output is determined by 
VseEt input voltage. As about (1.2V - Ver) DC voltage is 
generated at Vr_er pin (Pin 1) by connecting an external 
resistor from Vrer pin to Veg pin (Pin 23), divide this volt- 
age using resistors and apply it to Vse7 pin as Figure 22. 
Example of usage: 


IREF 


SINGLE POWER SUPPLY 


= Vv 


VEE 


FIGURE 22. 


The full-scale voltage of the D/A output can be determined 
from the following equation: 

Ves = 1.2 (Vs_et - Veg) (RL > 10kQ, 0.4V < Vge7 < 1.2V 
Select an external resistor R (connected to Vrer pin) so 
that IRE (current of an external resistor) is within the value 
indicated as the Recommended Operating Conditions of 
(-3mA < IREF < -0.4mA). 
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VREF — 3 


DUAL POWER SUPPLY 4 AGND 4. 


2. Phase Relation Between Data and Clock 


To make the best use of the inherent characteristics of 
this D/A converter the phase relation between the data 
and clock applied from the exterior, should be properly 
set. Set up time (ts) and Hold time (t}4) should be as indi- 
cated in the Electrical Specifications. For ts and ty refer 
to Figure 6 in the Timing Waveform. Also, set the clock 
pulse width according to the Recommended Operating 
Conditions. 


. D/A Output Pin Load 


Receive the D/A output stage at high impedance, so as 
to obtain: 

Ry > 10kQ, 

Cy < 20pF. 


Noise Reduction 

Refer to the following notes in order to minimize noise 
contamination that occurs from outside the IC and 
penatrates D/A output. 


¢ The power supply line and ground line should be made 
as wide as possible when fixed to the printed circuit 
board. Analog and Digital circuits should be separated. 


¢ Connected a bypass capacitor between each of DVcc 
(Pin 6) and DGND1 (Pin 7); AGND1, 2 (Pins 2, 3) and 
Vee (Pin 23); Vseq (Pin 24) and Veg (Pin 23), 
respectively. 
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Ga HARRIS 


SEMICONDUCTOR 


HI1177 


August 1997 8-Bit, 40 MSPS, High Speed D/A Converter 
Features Description 
¢ Throughput Rate ............cceeececceaes 40MHZ The HI1171 is an 8-bit, 40MHz, high speed D/A converter. 
The converter incorporates an 8-bit input data register with 
* FOSQIUON cose vnscacrsesescan eaows awe e ene 8-Bit 
blanking capability, and current outputs. The HI1171 fea- 
¢ Integral Linearity Error ...............0- 0.25LSB tures low glitch outputs. The architecture is a current cell 
° Low Glitch Noise arrangement to provide low linearity errors. 
¢ Single Supply Operation...............0000008 +5V The HI1171 is available in an Industrial temperature range 


and is offered in a 24 lead (200 mil) SOIC plastic package. 
¢ Low Power Consumption (Max) .............- 80mW 


e Evaluation Board Available (HI1171-EV) 
Direct Replacement for the Sony CXD1171 


For dual version, please refer to the HI1177 Data Sheet. 
For triple version, please refer to the HI1178 Data Sheet. 


Ordering Information 


Ap Pp lications PART TEMP. RANGE 
e Wireless Telecommunications NUMBER (°C) 


¢ Direct Digital Synthesis HI1171-EV — a Evaluation Board 
e Imaging 


Presentation and Broadcast Video 


Graphics Displays 
e Signal Generators 


Pinout Typical Application Circuit 
HI1171 
(SOIC) 
TOP VIEW +5V HI1171 +5V 
0.1pF 
DVpp (23, 24) 
(18, 19, 22) AVpp 
D7 D7 (MSB)(8) (17) Vg 
6 e) (16) VaeF 
D5 D5 (6) 
D4 D4 (5) 
D3 D3 (4) 
D2 D2 (3) 
D1 D1 (2) 
DO DO (LSB) (1) 
0.1,F 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 10-26 


File Number 3662.2 


Functional Block Diagram 


(LSB) DO 4 
Di ¢ 


D2 ¢ 


D3 ¢ 


D4 ¢ 


D5 ¢ 
D6 ° 
(MSB) D7 ¢ 


BLNK 4 


VB ¢ 


CLK ¢ 


HI1171 


2 LSBs 
CURRENT 
CELLS 


6 MSBs 
CURRENT 
CELLS 


; CURRENT CELLS a 


(FOR FULL SCALE) 


BIAS VOLTAGE 
GENERATOR 
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HI1171 


Absolute Maximum Ratings Thermal Information 

Digital Supply Voltage DVpp to DVss .............-.-06% +7.0V. Thermal Resistance (Typical, Note 1) 85a (CCW) 

Analog Supply Voltage AVpp toAVgg .......--. +--+ eee +7.0V = SOIC Package... . 26... cece cece eee eres 98 

Input Voltage... 2.6... cece cece eee e eee eens Vpp toVssV = Maximum Junction Temperature, Plastic Package ........ 150°C 

Output eo: | — OmA to 15mA Maximum Storage Temperature Range ears ae oh fos aris -65°C to 150°C 
s . s j j °) 

Operating Conditions Maximum Lead Temperature (Soldering 10s)............ 300°C 


(SOIC - Lead Tips Only) 
Temperature Range ............ 000. cee cece ees -40°C to 85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. @ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications AVpp = +4.75V to +5.25V, DVpp = +4.75 to +5.25V, Vrer = +2.0V, fg = 40MHz, 
CLK Pulse Width = 12.5ns, Ta = 25°C (Note 4) 


ee 
a GO 
neyaicneanvenow me «dae aneteapomm «as | | v3 | se 


a 
< 


H- 
aks 
w 


LSB 


> 


Full Scale Output Voltage, Ves 


Output Voltage Range, Vesr 


DYNAMIC CHARACTERISTICS 


Throughput Rate See Figure 7 


Glitch Energy, GE Rout = 752 


Differential Gain, AAy (Note 3) 


_ 
ine) 


Differential Phase, Ao (Note 3) 


=| 
3S 
aS) 
> 
” 


REFERENCE INPUT 


Voltage Reference Input Range 


Reference Input Resistance (Note 3) 


- 


DIGITAL INPUTS 


Input Logic High Voltage, Vi} (Note 3) 


a 
ro) 


I+ 


Input Logic Low Voltage, Vj, (Note 3) 


Input Logic Current, Iy,, liq (Note 3) 5 


Digital Input Capacitance, Cijy (Note 3) 


TIMING CHARACTERISTICS 


Data Setup Time, tsy See Figure 1 


Data Hold Time, ty p See Figure 1 


Propagation Delay Time, tpp See Figure 9 


—_ 


_ 
oO 
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Electrical Specifications | AVpp = +4.75V to +5.25V, DVpp = +4.75 to +5.25V, Vref = +2.0V, fg = 40MHz, 
CLK Pulse Width = 12.5ns, Ta = 25°C (Note 4) (Continued) 


[anaweren————«——srestcowomons [wm [ve | wax | ows 
Setraerwertoratss) ids ——SSCiC 
euxrivo wan owntwa —___dserwer id | | | 
CO 
a 
ESL 


NOTES: 
2. Excludes error due to external reference drift. 
3. Parameter guaranteed by design or characterization and not production tested. 
4. Electrical specifications guaranteed only under the stated operating conditions. 


Timing Diagram 


FIGURE 1. 
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Typical Performance Curves 


> 200 
Wi 
g 
5 
S Q 
4 a 
j : 
= _™ 
P a 
5 5 
= = 
re) (o) 

Vpp = 5.0V, R = 200Q 

16R = 3.3kQ, Ta = 25°C 

100 200 
REFERENCE VOLTAGE (V) OUTPUT RESISTANCE (Q) 

FIGURE 2. OUTPUT FULL SCALE VOLTAGE vs REFERENCE FIGURE 3. OUTPUT RESISTANCE vs GLITCH ENERGY 


VOLTAGE 


= 
G 
< 
: 
3 
7) 
ad 
Jj 
? Vpp = 5.0V, Vrer = 2.0V 
5 R = 2002, 16R = 3.3kQ 
re Ta = 25°C 
ro) 
-25 0 25 50 75 
AMBIENT TEMPERATURE (°C) 


FIGURE 4. OUTPUT FULL SCALE VOLTAGE vs AMBIENT TEMPERATURE 


Pin Descriptions 


DO(LSB) thru | Digital Data Bit 0, the Least Significant Bit thru Digital Data Bit 7, the Most Significant Bit. 
D7(MSB) 


a BLNK Blanking Line, used to clear the internal data register to the zero condition when High, normal operation 
when Low. 


Digital Ground. 

pt PB Voltage Bias, connect a 0.1pF capacitor to DVss. 

p 2 YK Data Clock Pin 100kHz to 40MHz. 

a 


IREF Current Reference, used to set the current range. Connect a resistor to AVsg that is 16 times greater 


than the resistor on Ioyt1. (See Typical Applications Circuit). 
Input Reference Voltage used to set the output full scale range. 
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Pin Descriptions (continued) 


Detailed Description 


The HI1171 is an 8-bit, current out D/A converter. The DAC 
can convert at 40MHz and run on a single +5V supply. The 
architecture is an encoded, switched current cell 
arrangement. 


Voltage Output Mode 


The output current of the HI1171 can be converted into a volt- 
age by connecting an external resistor to Ioyt;. To calculate 
the output resistor use the following equation: 


Rout = Ves /IFs; 


where Ves can range from +0.5V to +2.0V and Ifs can 
range from OmA to 15mA. 


In setting the output current the IREF pin should have a resistor 
connected to it that is 16 times greater than the output resistor: 


Rrer = 16 x Rout 


Test Circuits 


(LSB) DO 


8-BIT 
COUNTER 
WITH LATCH 


CLK 
40MHz 
SQUARE WAVE 


A 
[Be [eee [Bowie 


As the values of both Royt and Rrerf increase, power 
consumption is decreased, but glitch energy and output 
settling time is increased. 


Clock Phase Relationship 


The internal latch is closed when the clock line is high. The 
latch can be cleared by the BLNK line. When BLNK is set 
(HIGH) the contents of the internal data latch will be cleared. 
When BLNK is low data is updated by the CLK. 


Noise Reduction 


To reduce power supply noise separate analog and digital 
power supplies should be used with 0.1uF ceramic capaci- 
tors placed as close to the body of the HI1171 as possible. 
The analog (AVss) and digital (DVss) ground returns should 
be connected together back at the power supply to ensure 
proper operation from power up. 


OSCILLOSCOPE 


2002 


FIGURE 5. MAXIMUM CONVERSION SPEED TEST CIRCUIT 
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Test Circuits (continued) 


CLK 
40MHz 
SQUARE WAVE 


FIGURE 6. DC CHARACTERISTICS TEST CIRCUIT 


OSCILLOSCOPE 


FREQUENCY 
DEMULTIPLIER 


CLK 
10MHz 


SQUARE WAVE 


8-BIT 


COUNTER OSCILLOSCOPE 
WITH LATCH 


DELAY 
CONTROLLER 


CLK 
1MHz 
SQUARE WAVE 


DELAY 
CONTROLLER 


FIGURE 8. SET UP HOLD TIME AND GLITCH ENERGY TEST CIRCUIT 
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@ MARS HI1177 


8-Bit, 40 MSPS, 
August 1997 2-Channel D/A Converter 
Features Description 
* Resoloion csscccaeccssccsvonsvewssssees vax 8-Bit The HI1177 is a dual 8-bit CMOS digital-to-analog converter. 


It has input/output equivalent to 2 channels of Y and C for 


¢ Maximum Conversion Speed ............... 40MHz vilan use or | and Oiler modiilaters. 


il seal a The HI1177 is available in the industrial temperature range 


Differential Linearity Error .............. +0.3LSB_ and is supplied in a 32 lead plastic metric quad flatpack 
(MQFP) package. 


¢ Low Power Consumption ............050005: 160mW 


(2002 Load for 2Vp.p Output) Ordering Information 


PART TEMP. 
NUMBER RANGE (°C) 


HI1177CQ 32Ld MQFP | Q32.7x7-S 


* Power Supply si csacciccecrseecinaeaaswa +5V Single 


¢ Power-Down Mode 
Low Glitch Noise 
Direct Replacment for Sony CXD1177 


Applications 
e /Q Modulation 
e YC Video 
¢ Digital TV 


¢ Wireless Transmitters 


Pinout 
HI1177 
(MQFP) 
TOP VIEW 

1 

2 

3 

4 

5 

6 

7 

8 
w” 
c 
Lu 
- 
as 
Lu 
> 
in 
O 
O 
5 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 41 1 4.1 


Copyright © Harris Corporation 1997 10-33 


HI1177 


Functional Block Diagram 


(LSB) YO 


&S 2LSBs 


Y1 


Y2 
YO 
Y3 
YO 
Y4 
; YCK 
5 
Y6 
- 7 GENERATOR ; j AVss 
(LsB)co (9) —f2ises DVss 
ee cunReNT [19 
c1 (10) CELLS |e 
as = 
C3 6 MSBs 
CURRENT 
c4 CELLS 
C5 
C6 
C7 
CURRENT CELLS [*°]— 
BLK (17) (FOR FULL SCALE) ma 
CE 


(18) BIAS VOLTAGE @) 
GENERATOR 


Pin Descriptions 


| NUMBER | SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


| 1to8 | YOtoY7 DVop Digital Input. 
CO to C7 @ 
@ 
DVss 
17 BLK DVpp Blanking pin. No signal at “H” (Output 
DVss 


OV). Output condition at “L”. 
10-34 
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Pin Descriptions (continued) 


| NUMBER | SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


VB DVpp Connect a capacitor of about 0.1pF. 
DVpp 
DVss 
: 


Clock pin. Moreover all input pins are 


CLK TTL-CMOS compatible. 
(19) 
20) 


of Chip enable pin. No signal (Output OV) 


at “H” and minimizes power 


consumption. 
VREF 


G 
AVpp 


Connect a resistance 16 times “16R” 
that of output resistance value “R”. 


Set full scale output value. 


Connect a capacitor of about 0.1,F. 


He 


Analog Vpp. 


Nh 
N 


Current output pin. Voltage output can 
be obtained by connecting a resistance. 


Inverted current output pin. Normally 
dropped to analog GND. 


DVpp 


Digital Vpp. 


10-35 


” 
co 
Lu 
p= 
co 
Lu 
> 
= 
O 
O 
< 
a) 


HI1177 


Absolute Maximum Ratings Ty = 25°C Thermal Information 
BUDDY VONAGE, Vitis ase csaetacoemacrse es eearewnneeure 7V Thermal Resistance (Typical, Note 7) Oya (CCW) 
Input Voltage, Vij... -. eee e cece cece eee eee eens Vpp to Vss MQFP Package .........0.ccc cee e eee ee ence 122 
Output Current (For Each Channel), lout ..-------- OmA to 15mMA Maximum Junction Temperature (Plastic Package) ........ 150°C 
. +a: Maximum Storage Temperature Range .......... -65°C to 150°C 

Operating Conditions Maximum Lead Temperature (Soldering 10s)............. 300°C 
Supply Voltage (MQFP - Lead Tips Only) 

le Penis.  EREE EERE ECL EE TEE TLE EERE ECL E 4.75V to 5.25V 

OV G0; OVGGs occas wane ewe se eae eaW Rewawd 4.75V to 5.25V 
Reference Input Voltage, VREF ..... 6. . ee eee eee eee ees 2.0V 
Clock Pulse Width 

|) Cee EEE TET COCR ET ee 12.5ns (Min) 

eee ee ee eee eee eee ee eee ee ee ee 12.5ns (Min) 
Temperature Range, Topp.......----e eee eee eee -40°C to 85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. @ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications — fo, = 40MHz, Vpp = 5V, Rout = 2002, Vref = 2.0V, Ta = 25°C 


PART NUMBER 
OR GRADE 
PARAMETER SYMBOL 


mn _| tye | max | units 
a 


[DierentalLneariy rer | E> 
too 
4 


TEST 
CONDITIONS 


Offset Output Voltage O 
14.3MHz, at Color Bar Data Input 


V 
F 
| 
V 
(ll =e onan 
[seuptine Sid ts | 
[Rotime i tp 
[Propagation Delaytine | oo | —SCSCS Sid 
[aitchErery | Ge [Romr=ren———SCSCSSSC~i SS ide 
[crossTak «dot (wzsinwaveout | ||| | # 


NOTE: 


_— Full-scale voltage of channel 7 | - 
1. PUR SCAR OUTRUR Feito Average of the full-scale voltage of the channels T}x100(%). 


l/O Correspondence Table (Output Full Scale Voltage: 2V) 


INPUT CODE OUTPUT VOLTAGE 


0 00 0 0 0 0 0 
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Timing Diagram 


CLK t 


FIGURE 1. 


Test Circuits 


CLK 
40MHz 
SQUARE 
WAVE 


FIGURE 2. MAXIMUM CONVERSION 


” 
jem 
Lud 
- 
jog 
Lud 
> 
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Test Circuits (continued) 


OSCILLOSCOPE 


DIGITAL 
WAVEFORM 
GENERATOR 


SPECTRUM 
ANALIZER 


CLK 
40MHz 
SQUARE 
WAVE 


CLK 
40MHz 
SQUARE 
WAVE 


FIGURE 5. DC CHARACTERISTICS 
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Test Circuits (Continued) 


FREQUENCY 
DEMULTIPLIER 
ty 
-_ 
(18) 
(22) 
or ee 
10MH 
SQUARE (20) 
WAVE 


FIGURE 6. PROPAGATION DELAY TIME 


Typical Performance Curves 


200 

= 

i 

= 

5 2 

5 

Wi 

ad 

< 
2 

- 100 

| 

7 1 

2 Vpp = 5.0V 

5 R = 2000 

° 16R = 3.3kQ 

ow” 

vs 

> 

1 2 100 200 
Vrer, REFERENCE VOLTAGE (V) OUTPUT RESISTANCE (©) 

FIGURE 7. OUTPUT FULL SCALE VOLTAGE vs REFERENCE FIGURE 8. GLITCH ENERGY vs OUTPUT RESISTANCE 


VOLTAGE 


= 
G g 
< ZS 
al b 4 
: Z 
uJ ” 
- 77) 
S 2 
” oO 
=| wn 
: i 
5 
é 16R = 3.3kQ fr 
Lu 
° > 
-25 0 25 50 75 100 > 
AMBIENT TEMPERATURE (°C) OUTPUT FREQUENCY (Hz) 5 
FIGURE 9. OUTPUT FULL SCALE VOLTAGE vs AMBIENT FIGURE 10. CROSSTALK vs OUTPUT FREQUENCY e 4 
TEMPERATURE Pon} 
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HI1177 


Application Circuit 
Y OUT 


200 


\/ 
AVss 


DVpp A AVpp 
0.1pF 


G2-1)-80)-29) 


(LSB) 


YIN 


(MSB) 


O20 4,020,020, n0 


(9)-(19)-01)-12)-(13)-04) 5-08) 


(LSB) 


| 7 
28)-27)-6)-@5) 


2 COUT 
200 


AVss 
AVpp 


\7 AVss 


(MSB) 


—_—_—_—_—_—_—_—_—_—_—— 36S! 


CIN 


NOTE: Application circuits shown are typical examples illustrating the operation of the devices. Sony cannot assume responsibility for any 
problems arising out of the use of these circuits or for any infringement of third party patent and other right due to same. 


FIGURE 11. 


Operation 


¢ How to select the output resistance: ° 


- The HI1177 is a D/A converter of the current output 
type. To obtain the output voltage connect the 
resistance to IO pin (YO, CO). For specifications we 
have: 


Output full scale voltage 
Output full scale current 


Ves = less than 2V 
lEs = less than 15mA 


Calculate the output resistance value from the relation 
of Ves = IFs X R. Also, 16 times resistance of the output 
resistance is connected to reference current pin Iperf. In 
some cases, however, this turns out to be a value that 
does not actually exist. In such a case a value close to it 
can be used as a Substitute. Here please note that Ves 
becomes Ves = Vref X 16R/R’. R is the resistance 
connected to IO while R’ is connected to Iperf. Increas- 
ing the resistance value can curb power consumption. 
On the other hand glitch energy and data settling time 
will inversely increase. Set the most suitable value 
according to the desired application. 
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Phase relation between data and clock: 


- To obtain the expected performance as a D/A converter, it 
is necessary to set properly the phase relation between 
data and clock applied from the exterior. Be sure to 
satisfy the provisions of the set up time (ts) and hold time 
(ty) as stipulated in the Electrical Characteristics. 


Vpp:; Vss: 

- To reduce noise effects separate analog and digital 
systems in the device periphery. For Vpp pins, both 
digital and analog, bypass respective GNDs by using a 
ceramic capacitor of about 0.1pF, as close as possible 
to the pin. 


@ HARRIS HI1178 


Triple 8-Bit, 40 MSPS, RGB, 


August 1997 3-Channel D/A Converter 
Features Description 
* FOSOIHON cscccseeesascerieccienses we Triple 8-Bit The HI1178 is a triple 8-bit, high-speed, CMOS D/A 


converter designed for video band use. It has three sepa- 


e Maximum Conversion Speed ............... 40MHz asia tiic te 

rate, 8-bit, pixel inputs, one each for red, green, and blue 
¢ RGB 3-Channel Input/Output video data. A single 5.0V power supply and pixel clock input 
¢ Differential Linearity Error ............... +0.3 LSB _ is all that is required to make the device operational. A bias 


* Low Power Consumption ...............0+: 240mW voltage generator is internal. Each channel clock input can 
(2002 Load for 2Vp.p Output) be controlled individually, or connected together as one. The 
c= HI1178 also has BLANK video control signal. Refer to the 

Single Power Supply ...........ceccsceescaces +5V 12304 for 3.3V operation. 


e Low Glitch Noise 
Direct Replacement for Sony CXD1178 


Ordering Information 


PART TEMP. 
NUMBER RANGE (°C) 


HI1178JCQ -40 to 85 48LdMQFP | Q48.12x12-S 


Applications 


¢ Digital TV 
¢ Graphics Display 
¢ High Resolution Color Graphics 


e Video Reconstruction 
e Instrumentation 
e Image Processing 


e /Q Modulation 
Pinout 
HI1178 
(MQFP) 
TOP VIEW 
e22282828 
a a a a 
sa222298288 86 2 
HUAVAAMNOANAVOWUOAUANO 
48 47 46 45 44 43 40 38 37 
Ro CI /10 36 |) RO 
Ri COoHe2 35 |} IREF 
R2 CL 13 34/0 TS Veer 
R3 CC 14 33 |} AVss 
R4 CT 5 32/1) VB 
R5 Cl —I16 31 | [Tj DVss 
Go Cr 28 |[—T) GCK ox 
@1 cro 27 |) RCK — 
G2 cr 26 |") CE = 
__t_) BLK 
G3 CC 20 21 22 23 > 
Oo 
WOU O 
JUUUUUUUU UU < 
SSOSOGR HR ORAS OB oh 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 41 1 5.1 


Copyright © Harris Corporation 1997 
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HI1178 


Functional Block Diagram 


(LSB) RO DVpp 
Ri DVpp 
R2 
RO 
R3 
RO 
R4 
RCK 
R5 
R6 
AVss 
(LSB) Go en AVop 
G1 AVpp 
G2 
GO 

G3 
GO 

G4 
GCK 

G5 

G6 
G7 GENERATOR /e— AVss 
| DVss 

LSB) BO 2 LSBs 

“a |} scuRRENT) «=-+- DVss 
BI CELLS MoE 

BO 
= ttl © 
Ba sg i 
Bs BCK 
BE VG 
B7 

VREF 

— CURRENT ELS +t -— PT 
(FOR FULLSCALE) [~ | ae (35) IReF 

CE 

VB 


BIAS VOLTAGE 
GENERATOR 32) 
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HI1178 


Pin Descriptions 


| PINNO. | SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 
Time | ne 7 


17 to 24 BO to B7 


Blanking pin. No signal at “H” (Output 
OV). Output condition at “L”. 


Connect a capacitor of about 0.1yF. 


Clock pin. Moreover all input pins are 
TTL-CMOS compatible. 


Chip enable pin. No signal (Output OV) at 
“H” and minimizes power consumption. 
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HI1178 


Pin Descriptions (continued) 


| INNO. | SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


1. 


Connect a resistance 16 times “16R” 
that of output resistance value “R” 


Set full scale output value 


Connect a capacitor of about 0.1pF. 


Analog Vpp.- 


Current output pin. Voltage output can 
be obtained by connecting a 
resistance. 


Inverted current output pin. Normally 
dropped to analog GND. 


47, 48 Digital Vpp. 
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HI1178 


Absolute Maximum Ratings Ty, = 25°C Thermal Information 
Supply VORA (Voi). sew antec veeensawaGaweeedecenae as 7V_ Thermal Resistance (Typical, Note 1) Oya (CCW) 
Input Voltage (Vin)... 6. eee cece eee eee eee ees Vpp to Vsg MOFP PACKAUG .0 ssn wcesansesnseeaivantsas 94 
Output Current (IOUT). -- +... eee eee eee eee eee Vpp toVss Maximum Junction Temperature (Plastic Package) ........ 150°C 
Digital Input Voltage (CLK) FOGG HUSSAM AT Ow DORE ee OmA to 15mA Maximum Storage Temperature Range (TstG) eo .-65°C to 150°C 
(Every Each Channel) Maximum Lead Temperature (Soldering 10s)............. 300°C 
Operating Conditions (Lead Tips Only) 
Temperature Range (Toppy)... ..--- 0. eee eee eee -40°C to 85°C 
Supply Voltage 
AVpp, AVgg .. ee ee cece cence eee eee e een ees 4.75V to 5.25V 
OV pp; OVER icc cscs cece iecwowneea nese wes 4.75V to 5.25V 
Reference Input Voltage (VREF)..... 2... eee eee eee eee 2V 
Clock Pulse Width 
oN, CELE EELE ETE L ORE TORE CULO CEST Tree Te 12.5ns (Min) 
PAN os cca ctedavenkeeewsae trans eendwanns 12.5ns (Min) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications = fo.« = 40MHz, Vpp = 5V, Rout = 2000, Veer = 2.0V, Ta = 25°C 


[PARAMETER | SYMBOL] _TESTCONDITIONS | WIN | TYP] MAX | UNITS | 

a OO 

© |_| [srs 
LSB 


Full Scale Output Ratio (Note 1) 


Offset Output Voltage 
14.3MHz, at Color Bar Data Input 
Digital Input 
Current 
Set Up Time 
Hold Time 


5 


CT 1MHz Sin Wave Output 


Full Scale Voltage of Channel 


i, PON eels SPUR nee Average of the Full Scale Voltage of the Channels — 


i x 100(%) 


I/O Chart (When Full Scale Output Voltage at 2.00V) 


INPUT CODE OUTPUT CODE 


” 
oc 
Lu 
- 
a 
Lu 
=> 
= 
Oo 
O 
< 
— 
a) 


2.0V 
1.0V 
OV 
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HI1178 


Timing Diagram 


CLK ' 


FIGURE 1. 


Test Circuits 


a OSCILLOSCOPE 


HI1178 


AVop 
CLK 
40MHz 
SQUARE 1K 
WAVE 
= AVss 


FIGURE 2. MAXIMUM CONVERSION RATE TEST CIRCUIT 
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HI1178 


Test Circuits (continued) 


8-BIT 
COUNTER 75 
WITH AVss5 == OSCILLOSCOPE 


LATCH 


HI1178 


1MHz DELAY 
SQUARE CONTROLLER 
WAVE 


ee oten 


FIGURE 3. SETUP HOLD TIME AND GLITCH ENERGY TEST CIRCUIT 


ALL “1” 


DIGITAL 
WAVEFORM 


GENERATOR AVss = SPECTRUM 


ANALYZER 


AVss >= 
O.1p AVss => 
DVss (\. AVpp 
0.1p 


SQUARE 
WAVE 


> 
40MHz 


”) 
oc 
Lud 
- 
[aa 
Lu 
=> 
= 
O 
oO 
< 
a) 


FIGURE 4. CROSSTALK TEST CIRCUIT 
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HI1178 


Test Circuits (continued) 


CONTROLLER _ 
200 
AVss == 
DVss AVop £\ 
CLK Oly 

40MHz 1K 
SQUARE 

WAVE 


= AVss 


FIGURE 5. DC CHARACTERISTICS TEST CIRCUIT 


FREQUENCY 
DEMULTIPLIER 


OSCILLOSCOPE 


HI1178 


CLK 
10MHz 
SQUARE 
WAVE 


FIGURE 6. PROPAGATION DELAY TIME TEST CIRCUIT 
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HI1178 


Typical Performance Curves 


_ 200 

= 

o 

<q 

a 

g 

WwW 

cul 

r ¢ 

D 

“i 100 

and 

=) 

Lo 

oo 

_ 

a 

5 

(eo) 

M4 

> 

1.0 2.0 100 200 
Vref, REFERENCE VOLTAGE (V) OUTPUT RESISTANCE (Q) 

FIGURE 7. OUTPUT FULL SCALE VOLTAGE vs FIGURE 8. GLITCH ENERGY vs OUTPUT RESISTANCE 
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HI1178 


Application Circuit 


> B(BLUE)OUT 
200 
7 AVss 
© G(GREEN)OUT 
200 
y V7 AVss 
DVpp a ein 2 R(RED)OUT 
200 
SA AAA NAN AN A 
(48474645) 44K 43K 42K 41K 40K 39K 3837) 7 
(LSB Q AVss 
: = LAAVDD $ 3.3K 
- 1 
; ey ass 
R(RED)IN V7 AVss 
. = 0.1 
HI1178 | 
G0) 
DVss 


JUL crock in 


B(BLUE)IN 


FIGURE 11. 


Notes On Operation 


¢ How to select the output resistance 


The HI1178 is a current-output D/A converter. To obtain 
the output voltage, connect the resistance to IO pin (RO, 
GO, BO). For specifications we have: 


Output Full Scale Voltage Ves = less than 2.0 [V] 
Output Full Scale Current Ips = less than 15 [mA] 


Calculate the output resistance value from the relation of 
Ves = Irs X R. Also, 16 times resistance of the output ° 
resistance is connected to reference current pin Iperf. In 
some cases, however, this turns out to be a value that 
does not actually exist. In such a case a value close to it 
can be used as a substitute. Here please note that Ves 
becomes Ves = Vref X 16R/R’. R is the resistance con- 
nected to |O while R' is connected to IRer. Increasing the 
resistance value can curb power consumption. On the 
other hand glitch energy and data settling time will 
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inversely increase. Set the most suitable value according 
to the desired application. 


Phase Relation Between Data and Clock 


To obtain the expected performance as a D/A converter, it 
is necessary to set properly the phase relation between 
data and clock applied from the exterior. Be sure to satisfy 
the provisions of the set up time (ts) and hold time (ty) as 
stipulated in the Electrical Characteristics. 


Vpp:; Vss 

To reduce noise effects separate analog and digital 
systems in the device periphery. For Vpp pins, both digital 
and analog, bypass respective GNDs by using a ceramic 
capacitor of 0.1uF, as close as possible to the pin. 


H1I1260 


Triple 8-Bit, 35 MSPS, RGB, 
3-Channel D/A Converter 


tt SEMICONDUCTOR 


August 1997 


Features Description 
* ROSOIUNON cites onseteccuces sansnununs Triple 8-Bit The HI1260 is a triple 8-bit, high-speed, bipolar D/A 
¢ Maximum Conversion Speed ..............- 35MHz_ Converter designed for video band use. It has three sepa- 


rate, 8-bit pixel inputs, one each for red, green, and blue 


* RGB 3-Channel Input/Output video data. A single 5.0V power supply and pixel clock input 


¢ Differential Linearity Error ...............+0.5LSB jg all that is required to make the device operational. A bias 
¢ Digital Input Voltage .................05. TTL Level voltage generator is internal. For lower CMOS power 
e Output Voltage Full Scale (Typ) .............. 1Vp.p SEnSURIPWon, Corer ie Ta Fe. 

e Low Power Consumption (Typ) ............. 360mW Ordering Information 


e Direct Replacement for Sony CXA1260 


PART TEMP. 
NUMBER RANGE (°C) PACKAGE 


HI1260JCQ -20 to 75 48 LdMQFP |Q48.12x 12-S 


Applications 

e Digital TV 

¢ Graphics Display 

¢ High Resolution Color Graphics 
e Video Reconstruction 
Instrumentation 


e Image Processing 
e 1/Q Modulation 


Pinout 
H1I1260 
(MQFP) 
TOP VIEW 


NC 
NC 
NC 


ROUT 
NC 
GOUT 


NC 


BOUT 
NC 


AVcoc 
NC 


VREF 


NC 7 


NC LJ 
AGND (7) 
VseTt 


LL 
as 
0 ¢6 
Q 


DVcc CI 


” 
oc 
Lu 
= 
x 
Lud 
> 
= 
oO 
oO 
< 
= 
an) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 41 1 2.1 
Copyright © Harris Corporation 1997 40-51 


HI1260 


Functional Block Diagram | 


E 
= 
es) 
« 
6 
: 
5 
« 
= 
e) 
S 
o 
w, 
0 
re 
od 
ce) 


CLOCK 
BUFFER. 
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HI1260 


Pin Descriptions 


| NUMBER | SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


1 to 16 R1 to R8 Digital Input pin. From pins 39 to 42 
39 to 42 G1 to G8 and from 44 to 47 are for RED. R11 is 
44 to 47 B1 to B8 MSB and R8 is LSB. From pins 1 to 8 

are for GREEN. G1 is MSB and G8 is 
LSB. From pins 9 to 16 are for BLUE. 
B1 is MSB and B8 is LSB. 


18 CLK DVcc Clock Input pin. 
20) 
© 
© 
87) 
DGND 


17 penser neennnnennnnnen mene pin (no connection). 
21 to 22 


| AGND fAnalogGND. fAnalogGND. 


VSET Bias Input pin. Normally, apply 0.87V. 
See “Note on use.” 


VREF Internal Reference Voltage Out pin, 1.2V 
AVec (Typ). A pull-down resistor is necessary 
27) externally. See “Notes on use.” 
25) 
20p 
23) 
AGND 
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HI1260 


Pin Descriptions (continued) 


| NUMBER SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 
2 A 2h ON Vacant pin (no connection). 


Vacant pin but connect to AVoc 
(Note 1). 


Th Analog Output pin for BLUE. 


Vacant pin but connect to AVoc 
(Note 1). 


|i: Analog Output pin for GREEN. 


Vacant pin but connect to AVcc 
(Note 1). 


Rout AVoc Analog Output pin for RED. 
27) 
Ro 
° © 
23) 
AGND 


34 To 36 Vacant pin but connect to AVoc 
(Note 1). 
} 19, 97, 43 | 37, 43 a Bo igs DigtalGND. 


NOTE: 
1. Pins 30, 32, 34 and 36 are vacant, but in order to reduce interference between the individual RGB outputs, connect them to AVcc. 
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HI1260 


Absolute Maximum Ratings Ty, = 25°C 


BUDO VONAIG, Ver k vera seeder sen res riceees eames? OV to 7V 
Input Voltage (Digital) 
| ee ee ee ee ere -0.3V to Voc 
Vii Mens cuantenaus because rseecese nan awin ne -0.3V to Voc 
Input Voltage (Vset Pin), VSET...-.--- 2 eee ee eee -0.3V to Voc 
Output Voltage (Analog), VoyT .-.-------+ees Voc -2.1V to Voc 
Output Current (Analog), lout... ..--.-. eee eeee -3mA to 10mA 
(Veer Fil) (Rebs snieease ender esse eeaawee xs -5mA to OMA 
Allowable Power Dissipation, Pp .............. eee ee eee 0.7W 
Recommended Operating Conditions 
Temperature Range ............. 6c cece cece -20°C to 75°C 
Supply Voltage 
PN G6, OVEGis isc ees cond dense esas daw enca das 4.5V to 5.5V 
Pin = Wee cncdccevae eee enceeean usages aes -0.2V to 0.2V 
REND DGRD cece cian eee wane voewnene es -0.05V to 0.0.5V 
Digital input Voltage 
FLOVG!, Vitis VOLK sscccesevansaeorwseecmes 2.0V to DVcc 
L Level, Vis VOLKL s ste ccceensccnsnenswunas DGND to 0.8V 


Thermal Information 


Thermal Resistance (Typical, Note 2) Oya (CCW) 
MOP? FAOGUG «sive cies bud w ees ee heed eunany 85 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range .......... -55°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 
(Lead Tips Only) 
Veer Input VollagG, Very icc: .csascecnussxwacn es 0.7V to 1.0V 
Vace Pin Current, lager: os .ccces cavceonecesaas -3mA to 0.4mA 
Clock Pule Width 
Ce ee ee ee ee re ee eee ee eee 15ns 
vty PRET EEE ELT ECP ETP EL TC EP EEC ere eee Te 10ns 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


2. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Ty, = 25°C, AVcc = DVcc = 5.0V, AGND = DGND = 0.0V 


Resolution = ssid 


Differential Linearity Error 


Maximum Conversion Speed 
Full Scale Output Voltage 

RGB Output Voltage Full Scale Ratio FSR 
Output Zero Offset Voltage 


Output Resistance 


Consumption Current 


Digital Data Input 
Current 


Lower 6 Bits 
- Lower 6 Bits 


Clock Input Current 


Vset Input Current 
Internal Reference Voltage 


Set-Up Time 
Hold Time 


NOTES: 
3. AVcoc - Vo. 
4. Maximum value among 100 x 


Vors(@) 
OFS(B) 


oS], 100> 
VoFs(G) 


eee C8 


eseen Guar- 
antee 


| DLE | Vger- AGND = 0.87V 


Ry > 10kQ 
Integral Linearity Error ss FS = Full Scale 
Vset-AGND=0.87V | | 35 | = |__| MSPs | 


Ry > 10kQ2 C, < 20pF 


Vset - AGND = 0.87V 
Ry > 10kQ 
IREF = -400nA 


Level 
ime [ues [WaxeBtog me 
fetever | tou [voux=0Gnd | | 10 | 0 | 10 | nA 
Se Sos a ee 
<2 
ee 


, or 100 x 


wee, 
OFS(R) 
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HI1260 


TABLE 1. INPUT CORRESPONDING TABLE 


INPUT CODE OUTPUT VOLTAGE 


Crosstalk Among R, G and B 


D/A OUT: 1Vp_p 
Ry > 10kQ 

Cy < 20pF 
fpata = 7MHz 
foLk = 14MHz 
See Figure 5 


Glitch Energy Vset — AGND = 0.87V 
Ry > 10kQ 
foLk = 1MHz 
Digital Ramp Output 
See Figure 6 


See Figure 4 
Fall Time oo 
Settling Time 


NOTE: 
5. Observe the glitch which is generated when the digital input varies as follows: 
o f.4 .9 tt FF. F t.=—- 8 Tt 0 0 O.8 6. 8 
0 114 4 4 4 4 FT - 1 0 80 0 0 0 0 O 
1 0 14 714 4 4 4+ 4 =- 4 4 0 80 0 0 0 0 


6. The time required for the D/A OUT to arrive at 90% of its final value from 10%. 


Test Circuits and Waveforms 


DVcc 


DGND 


CLK TTL LEVEL 


HI1260 
FIGURE 1. DIFFERENTIAL LINEARITY AND INTEGRAL LINEARITY TEST CIRCUIT 
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HI1260 


Test Circuits and Waveforms (continued) 


(MSB) 
OUT D1 D1 - D8 43 
: DIGITAL RAMP WAVEFORM GENERATION 
D2 8 (R) 
8-BIT | D1 - D8 
COUNTER |@ , 
(TTL OUTPUT) | ® (LSB) 8 (G) 
° D8 D1 -D8 
8 (B) OSCILLOSCOPE 
Rin = 1MQ 
IN Cin - 10pF 
* 125k BW = 20MHz 
33 pF 
CLK 
HI1260 
MCLK 
f= 35 MSPS 
TTL LEVEL 
RECTANGULAR 
WAVE 
AGND DGND 


rh 


AVcc DVcc 


L 


‘ 
TIMING BETWEEN CLK AND DATA 


FIGURE 2. MAXIMUM CONVERSION RATE TEST CIRCUIT 


DVcc 


CLK TTL LEVEL —p 
CLK 


HI1260 


FIGURE 3. OUTPUT VOLTAGE FULL SCALE PRECISION, RGB OUTPUT VOLTAGE FULL SCALE RATIO, AND OUTPUT ZERO OFF- 
SET VOLTAGE TEST CIRCUITS 


n” 
om 
Lud 
a 
fa 
Lu 
> 
= 
O 
©. 
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— 
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HI1260 


Test Circuits and Waveforms (continued) 


HI1260 


OBSERVE DATA WAVEFORM D1- D8 19, 37, 43 ‘aed 
WITH AN OSCILLOSCOPE 
(2 = 1MQ ) | a COAXIAL CABLE 

BW = 200MHz © Rout 

8g) 50 
CO-AXIAL CABLE (1m) OBSERVE CLK WAVEFORM 
WITH AN OSCILLOSCOPE 
S e) © Gout ? /Ryy = 1M 
50 se BW = 200MHz 
©) Bout 
50 
a 69 
F 
la 1.2K 
DIVIDER 
COAXIAL CABLE (im) 
(6) OBSERVE CLK WAVEFORM 
> WITH AN OSCILLOSCOPE 
f = 35MHz 
47 50 Rin = 1MQ 
TTL LEVEL BW = 200MHz 


PULSE GENERATOR 
8082A (YHP) 


AGND DGND AVcc DVoc 


f = 35 MSPS | ry | | 


TTL LEVEL RECTANGULAR WAVE 


PULSE GENERATOR 
8082A (YHP) 
DELAY ADJUSTMENT 


FIGURE 4. SETUP TIME, HOLD TIME, AND RISE AND FALL TIME TEST CIRCUITS 


50Q EXIT 
f = 7MHz 


TTL LEVEL 
RECTANGULAR WAVE 


1 lo 
DIVIDER 


MCLK 
f= 14 MSPS 
TTL LEVEL HI1260 
RECTANGULAR WAVE 


SPECTRUM 
ANALYZER 


NOTES: The following notes cover the measurement methods in case the measuring crosstalk of G > R: 
7. Apply the data to G only and measure the power of the frequency component of the data at Royrt. 
8. Apply the data to R only and measure the power of the frequency component of the data at Rout. 
9. Take the difference of the above two powers. The unit is in dB. 


FIGURE 5. CROSSTALK AMONG R, G AND B TEST CIRCUIT 
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Test Circuits and Waveforms (continued) 


(MSB) 
out 01 D1 -D8 
ol D2 8 (R) 
Di -D8 
(LSB) 8 (G) 
D8 D1 -D8 


MCLK CLK 
f=1MSPS 

TTL LEVEL HI1260 
RECTANGULAR 
WAVE 


FIGURE 6. GLITCH ENERG 


Timing Diagram 


y ty2 '2 tg tag tg 
' ' 1 

| tpw1 ; two! — 
rT . 1 ot 

CLK 
I 
1 *x ; ; ad 
DATA Yi 


' 
TIMING OF CLK AND DATA 


19, 37, 43 
DIGITAL RAMP WAVEFORM GENERATION 


AGND DGND 


rh 


AVcc DVcc 


7, { | 


Y TEST CIRCUIT 


~~ <— VTH = 1.5V 


— $< Vay = 1.4V 


VrH; THRESHOLD LEVEL 


| 
| 
I 
| 
I 
| 
D/A OUT 
| 
I 
| 
I 
| 


At the time t = ty, the data of individual bits are 
switched and thereafter, when the CLK becomes L > 
H at t = to, the D/A OUT is varied synchronous with it. 
That is, the D/A OUT is synchronous with the rise of 
the CLK. (In this case, fetching of the data is carried 
out at the fall of the CLK (at the time when t = T49).) 


FIGURE 7. 
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At the time t = Ty, the data of individual bits are 
switched and thereafter, when the CLK becomes L > 
H at t = ty, the D/A OUT is synchronous with it. That 
is, the D/A OUT is synchronous with the rise of the 
CLK. (In this case, fetching of the data is carried out 
at the fall of CLK (at the time when t = t4).) 
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Typical Performance Curves 


Bere aa | 

ee ae 
TT Letpete_t | 

HH ai 

oae canna 
y~O8 


2.0 


4 
eh ee 


0 2.0 
Vser - AGND (V) 


OUTPUT VOLTAGE FULL SCALE (Vp.p) 


FIGURE 8. OUTPUT VOLTAGE FULL SCALE vs Vs_er - AGND 


Vser IS CREATED BY 
RESISTANCE DIVISION 
OF Vrer 

(Vset = 2VREF/3) 

lREF = ~-400LA 

AVcc = DVcc = 5.0V 
Ry > 10kQ 


OUTPUT VOLTAGE FULL SCALE (mVp.p) 


-20 0 20 40 60 80 
AMBIENT TEMPERATURE (°C) 


FIGURE 10. OUTPUT VOLTAGE FULL SCALE vs AMBIENT 
TEMPERATURE 


OUTPUT VOLTAGE FULL SCALE (Vp.p) 


Vset - AGND = 0.8V 
Ry > 10kQ 


SUPPLY VOLTAGE (V) 


FIGURE 12. OUTPUT VOLTAGE FULL SCALE vs SUPPLY 
VOLTAGE 


OUTPUT ZERO OFFSET VOLTAGE (mV) 


Vser - AGND (V) 
FIGURE 9. OUTPUT ZERO OFFSET VOLTAGE vs Vser7 - AGND 


i=) 


Vser IS CREATED 
BY RESISTANCE 
DIVISION OF Vrer 
(Vset = 2VReEF/3) 


OUTPUT ZERO OFFSET VOLTAGE (mV) 
oh 


40 60 80 
AMBIENT TEMPERATURE (°C) 


FIGURE 11. OUTPUT ZERO OFFSET VOLTAGE vs AMBIENT 
TEMPERATURE 


OUTPUT OFFSET VOLTAGE (mV) 


Vset - AGND = 0.8V 
Ry > 10k2 


SUPPLY VOLTAGE (V) 


FIGURE 13. OUTPUT ZERO OFFSET VOLTAGE vs SUPPLY 
VOLTAGE 
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Typical Performance Curves (continued) 


a a ee 
Seer eee 
Ta = 25°C 


a CEE 


1.15 


INTERNAL REFERENCE VOLTAGE (V) 
INTERNAL REFERENCE VOLTAGE (V) 


se 
meres | TT Tf 
MeorovconserT TTT 


-20 0 20 40 60 80 4 
AMBIENT TEMPERATURE (°C) SUPPLY VOLTAGE (V) 
FIGURE 14. INTERNAL REFERENCE VOLTAGE vs AMBIENT FIGURE 15. INTERNAL REFERENCE VOLTAGE vs SUPPLY 
TEMPERATURE VOLTAGE 


OUTPUT VOLTAGE FULL SCALE 1Vp.p 


CROSSTALK (dB) 


foLk = 2fpaTa 


Lot 4 AVoc = DVoc = 5.0V 


Ry > 10k0, Cy < 20pF 


DATA FREQUENCY (MHz) 


FIGURE 16. CROSSTALK AMONG R, G AND B vs DATA FREQUENCY 
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Typical Application Circuit 


DATA 
(TTL LEVEL) (R) 


(TTL LEVEL) CL 


HI1260 


R 
LPF (o) Rout 

R 
| LPF f-—@ Sour 

R 


BW = 16MHz 


R IS MATCHING RESISTANCE FOR LPF 
AGND DGND AVcc DVcc 


{| ~> | | 


FIGURE 17. 


Notes On Use 


¢ Setting of Pin 24 (Vs_er) 
The full scale of the D/A output voltage changes by 
applying voltage to pin 24 (Vset). When load is connected 
to pin 25 (Vrer), DC voltage of 1.2V is issued and the 
said voltage is dropped to 0.87V by resistance division. 


When the 0.87V is applied to pin 24 (Vs_ert), the D/A 
output of 1Vp.p can be obtained. 


FIGURE 18. EXAMPLE OF USE 


Adjustment Method 


The resistance R is determined in accordance with the 
recommended operating condition of IRer (Current flowing 
through resistance R). 


See R vs Iper of Figure 19. The calculation expression is as 
follows: R = Vrer/IrRer. 

Adjust the volume so that the RGB output voltage full scale 
becomes 1.0V. (At this point, it becomes R1:R2 = 2:5). 

e Phase Relationship Between Data and Clock 


In order to obtain the desired characteristics as a D/A 
converter, it is necessary to set the phase relationship 
correctly between the externally applied data and clock. 
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Satisfy the standard of the setup time (ts) and hold time 
(ty) indicated in the electrical characteristics. As to the 
reaming of ts and ty, see the timing chart. 


Moreover, the clock pulse width is desired to be as 
indicated in the recommended operating condition. 


5.0 


RESISTANCE (k) 
S 


= 
) 


PIN CURRENT Iper (mA) 
FIGURE 19. RESISTANCE vs Vper PIN CURRENT 


Regarding the Load of D/A Output Pin 


Receive the D/A output of the next stage with high 
impedance. In other words, perform so that it becomes as 
follows: 


Ry > 10kQ 
Ci < 20pF 
The temperature characteristics indicated in the 


characteristics diagram has been measured under this 
condition. 


HI1260 


However, when it is made to Ry < 10kQ the temperature 
characteristics may change considerably. In addition, 
when it is made to C, < 20pF, the rise and fall of the D/A 
output become slow and will not operate at high speed. 


Noise Reduction Measures 


As the D/A output voltage is a minute voltage of 
approximately 4mV per one step, ingenuity is required in 
reducing the noise entering from the outside of the IC as 
much as possible. Therefore, use the items given below as 
reference. 


When mounting onto the printed board, allow as much 
space as possible to the ground surface and the Vcc 
surface on the board and reduce the parasitic inductance 
and resistance. 


It is desirable that the AGND and DGND be separated in 
the pattern on the board. It is similar with AVcc and 
DVcc. As shown in the diagram below, for example, it is 


CXI260Q-Z 


PRINTED BOARD — 


recommended that the wiring to the electric supply of 
AGND and DGND as also AVcc and DVcc be conducted 
separately, and then making AGND and DGND as also 
AVcc and DVcc in common right near the power supply 
respectively. 


Inset in parallel a 47uF tantalum capacitor and a 100pF 
ceramic capacitor between the Vcc surface on the printed 
board and the nearmost ground surface (A of diagram 
below). It is also desirable to insert the above between the 
Vcc surface near the pin of the IC and the ground surface 
(B of diagram below). They are bypass capacitors to pre- 
vent bad effects from occurring to the characteristics when 
the power supply voltage fluctuates due to the clock, etc. 


It is recommended to reduce noise which overlaps the D/A 
output by inserting a capacitor of over 0.1u.F between pin 23 
(AGND) and pin 24 (Vg_e7). 


POWER SUPPLY 


FIGURE 20. 
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@ HARRIS Hi20201 


10-Bit, 160 MSPS, 


August 1997 Ultra-High-Speed D/A Converter 
Features Description 
® TRIGUGHDUE ROG cc ccscccvstsceveseeeae we 160MHz The HI20201 is a 160MHz ultra high speed D/A converter. The 


converter is based on an R/2R switched current source archi- 


& RigenhinOn (RUIN) vats ikkachewesewengay. 1-Bn tecture that includes an input data register with a complement 
¢ Differential Linearity Error ................ 0.5LSB feature and is Emitter Coupled Logic (ECL) compatible. 
* Low Glitch Noise The HI20201 is available in a commercial temperature range 


and offered in a 28 lead plastic SOIC (300 mil) and a 28 lead 


e Analog Multiplying Function 
9 prying plastic DIP package. 


e Low Power Consumption ..........000s0005 420mW 
Ordering Information 


NUMBER RANGE (°C) 
facaovey [as [eum 


Evaluation Board Available 
Direct Replacement for Sony CX20201-1, CX20202-1 


Applications 


e Wireless Communications 


e Signal Reconstruction 
¢ Direct Digital Synthesis 
e High Definition Video Systems 


¢ Digital Measurement Systems 


e Radar 
Pinout 
HI20201 
(PDIP, SOIC) 
TOP VIEW 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3 581 5 


Copyright © Harris Corporation 1997 
pyrig P 10-64 
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Typical Application Circuit 


HI20201 
28) AV 
D9 po(msp)(1)  ‘~») “ss 
D8 V 
~2.7V 
si (27) VREF 
Ds | 
DIGITAL D5 
DATA a TL431CP 
(ECL) D4 -5.2V 
D3 0.047pF 
- 1.0uF 
D1 
Do 
75Q. COAX CABLE 
oe 
= 
rved > ll 
“1.3V 3 1.0uF 0.047yF ~ 
1312 3 -5.2V 
3.6kQ 
-5.2V 


(LSB) DO 4 


R/2R 
NET/WORK 


CLK 4 CLOCK BIAS CURRENT 
| Lo BUFFER GENERATOR 
CLK é 


10-65 


no” 
oc 
Lu 
- 
co 
Lu 
> 
F 
Oo 
O 
<x 
= 
a) 


HI20201 


Absolute Maximum Ratings Thermal Information 

Digital Supply Voltage DVeg to DVsg ....... 1. ee eee eee -7.0V Thermal Resistance (Typical, Note 1) 8a (°C/W) 

Analog Supply Voltage AVpp toAVgg ..-..--.-. eee eee “7.0V SOIC Package. ...... 0... cece cece eee eee ee 67 

Digital Input VOHAGS 2s ssac views sc ccewetanas +0.3 to DVegE V PDIP Package ........... ccc cece eeeeeeeeees 58 

Reference Input Voltage.............--- essen. +0.3 to AVeE V = Maximum Junction Temperature (Plastic Package) ........ 150°C 

Cont CUBE cin niecsivs inde eit Gown eaten bannvenes 20mA Maximum Storage Temperature Range ......... .-65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 
Recommended Operating Conditions 


Supply Voltage Reference Input Voltage, VperF........ Veg + 0.5V to Veg + 1.4V 
Pier, OVE occ crraccee ca cat eas eeecuse et A.75V 10-5.45V LOS ROSISIANCO, FAL. .c.c ccs ccsencvasvesentaweneses 275Q 
Pipe 9 OV eric ss de oi irneenesnste ce vaeuess -0.05V to+0.05V Output Voltage, VoyT...-.--- cece cece e eee eee ees 0.8V to 1.2V 

Digital Input Voltage TOMPOMING FGNGG aciscccandioes ne eeaswanns -20°C to 75°C 
i eee ee ee eT ee eee er ee ee ee -1.0V to -0.7V 
Vilsdereeesdesepesaecas cesdevaceareage ses -1.9V to -1.6V 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 6ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications = T, = 25°C, AVeg = DVeg = -5.2V, AGND = DGND = OV, R,_ = &, Voyt =-1V 


HI20201JCB/JCP 
PARAMETER TEST CONDITIONS 


wine] _wax_|_unrrs 
SYSTEM PERFORMANCE 


ee Ee 
Offset Eror Vos (Adusable to Zor) | (Note) a a a 
Full Scale Error, FSE (Adjustable to Zero) _| (Note 3) Pe UT t02— Ys 
DYNAMIC CHARACTERISTICS 

Throughput Rate See Figure 11 Oo a ae MHz 


+ 
_ 
- 
- 


Output Fall Time, ts RLOAD = 75Q 


DIGITAL INPUTS 


Input Logic High Voltage, Vjy (Note 2) 


Input Logic Current, Ii, tH Vin = -0.89V, Vi, =-1.75V (Note 2) 
(For D9 thru D6, COMPL) 


Input Logic Current, lj, !j} (For D5 thru DO) | Vi, = -0.89V, Vi, = -1.75V (Note 2) 0 
TIMING CHARACTERISTICS 


-0.89 
-1.75 


fe 


st 


0.75 


= 


10-66 


HI20201 


Electrical Specifications = T, = 25°C, AVeg = DVeg = -5.2V, AGND = DGND = OV, R, = =, Voyt =-1V_ (Continued) 


HI20201 JCB/JCP 
PARAMETER TEST CONDITIONS | MIN | TYP | MAX | UNITS 


POWER SUPPLY CHARACTERISITICS 


le SSCS SCY 


NOTES: 
2. Parameter guaranteed by design or characterization and not production tested. 
3. Excludes error due to reference drift. 


4. Electrical specifications guaranteed only under the stated operating conditions. 


Timing Diagram 


CLK s==sesan25 Fenseenewaee § 


emumuzwauasne @ @Qeaameauuwaa 


FIGURE 1. LADDER SETTLING TIME FULL POWER BANDWIDTH (LS) 


Pin Descriptions 


Digital Data Bit 0, the Least Significant Bit thru Digital Data Bit 9, the Most Significant Bit. 
Se 


Data Complement Pin. When set to a (ECL) logic High the input data is complemented in the 


input buffer. When cleared to a (ECL) logic Low the input data is not complemented. 


Digital Ground. 
Analog Ground. 
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Typical Performance Curves 


-2.0 


Re a 

ee ee 

| UINRAR AREA) J"[“S-.) | | 

m2 ae 

sol jlat_| | | pole 

ie ee ee 
pot 


FULL SCALE OUTPUT VOLTAGE (V) 
& 


Vrer - Vee (V) 


FIGURE 2. VoyFs) RATIO vs (Vrer - Vee) 


or 
TIT Nea i 
CUT TTT Peet OAT 

: mo hie 


GAIN (dB) 
= 


ee CNS 
TUT TUT TAIT TTT 
aol LUI THIN | VII | EN 


10K 100K 10M 
MULTIPLYING INPUT can FREQUENCY (Hz) 


_ 
o 
J 


FIGURE 4. OUTPUT CHARACTERISTICS vs MULTIPLYING 
INPUT SIGNAL FREQUENCY 


PHASE (DEGREE) 
GLITCH ENERGY (pV/s) 


VALUE) Voyrsy(Vocrs) AT Ta = 25°C) 


FULL SCALE OUTPUT VOLTAGE (RELATIVE 


AMBIENT TEMPERATURE (°C) 


FIGURE 3. FULL SCALE OUTPUT VOLTAGE vs AMBIENT 
TEMPERATURE 


50 
CASE TEMPERATURE (°C) 


FIGURE 5. GLITCH ENERGY vs CASE TEMPERATURE (FULL 
SCALE - 1023mV) 


10-68 


HI20201 


Detailed Description 


The HI20201 is a 10-bit, current output D/A converter. The 
DAC can run at 160MHz and is ECL compatible. The archi- 
tecture is segmented/R2R combination to reduce glitch and 
improve linearity. 


Architecture 


The HI20201 is a combined R2R/segmented current source 
design. The 6 least significant bits of the converter are 
derived by a traditional R2R network to binary weight the 
1mA current sources. The upper 4 most significant bits are 
implemented as segmented or thermometer encoded cur- 
rent sources. The encoder converts the incoming 4 bits to 15 
control lines to enable the most significant current sources. 
The thermometer encoder will convert binary to individual 
control lines. See Table 1. 


TABLE 1. THERMOMETER ENCODER 
THERMOMETER CODE 


- BITS | BIT7 ae 1 = ON, 0 = OFF, I15 - Ip 


9 {| 9 | oO | © | 0000000 00000000 _ | 
po | 0 fo | + | 2000000 0000 0001 
po fo ft {2 | 0000000 00000011 


000 0000 0000 0111 
000 0000 0000 1111 
000 0000 0001 1111 
000 0000 0011 1111 
000 0000 0111 1111 
000 0000 1111 1111 
000 0001 1111 1111 
000 0011 1111 1111 
000 0111 1111 1111 
OOO 1111 11111111 
001 11141 11111111 
O11 1111 1111 1111 
117.1117 1111 1111 


The architecture of the HI20201 is designed to minimize 
glitch while providing a manufacturable 10-bit design that 
does not require laser trimming to achieve good linearity. 


Glitch 


Glitch is caused by the time skew between bits of the 
incoming digital data. Typically the switching time of digital 
inputs are asymmetrical meaning that the turn off time is 
faster than the turn on time (TTL designs). In an ECL system 
where the logic levels switch from one non-saturated level to 
another, the switching times can be considered close to 
symmetrical. This helps to reduce glitch in the D/A. Unequal 
delay paths through the device can also cause one current 
source to change before another. To minimize this the Harris 
HI20201 employs an internal register, just prior to the current 
sources, that is updated on the clock edge. Lastly the worst 
case glitch usually happens at the major transition i.e., 


01 1111 1111 to 10 0000 0000. But in the HI20201 the glitch 
is moved to the 00 0001 1111 to 11 1110 0000 transition. 
This is achieved by the split R2R/segmented current source 
architecture. This decreases the amount of current switching 
at any one time and makes the glitch practically constant 
over the entire output range. By making the glitch a constant 
size over the entire output range this effectively integrates 
this error out of the end application. 


In measuring the output glitch of the HI20201 the output is 
terminated into a 75Q load. The glitch is measured at the 
major carry’s throughout the DAC’s output range. 


H120201 


(20) lout 


FIGURE 6. HI20201 GLITCH TEST CIRCUIT 


The glitch energy is calculated by measuring the area under 
the voltage-time curve. Figure 7 shows the area considered 
as glitch when changing the DAC output. Units are typically 
specified in picoVolt/seconds (pV/s). 


A (mV) GLITCH ENERGY = (a x t)/2 


FIGURE 7. GLITCH ENERGY 


Setting Full Scale 


The full scale output voltage is set by the Voltage Reference 
pin (27). The output voltage performance will vary as shown 
in Figure 2. 


The output structure of the HI20201 can handle down to a 
75Q load effectively. To drive a 50Q load Figure 8 is sug- 
gested. Note the equivalent output load is ~75Q. 
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HI20201 


FIGURE 8. HI20201 DRIVING A 50Q LOAD 


Variable Attenuator Capability 


The HI20201 can be used in a multiplying mode with a 
variable frequency input on the Vre_er pin. In order for the 
part to operate correctly a DC bias must be applied and the 
incoming AC signal should be coupled to the Vref pin. See 
Figure 13 for the application circuit. The user must first 
adjust the DC reference voltage. The incoming signal must 
be attenuated so as not to exceed the maximum (+1.4V) and 
minimum (+0.5V) reference input. The typical output Small 
Signal Bandwidth is 14MHz. 


Integral Linearity 


The Integral Linearity is measured using the End Point 
method. In the End Point method the gain is adjusted. A line 
is then established from the zero point to the end point or 
Full Scale of the converter. All codes along the transfer curve 
must fall within an error band of 1 LSB of the line. Figure 10 
shows the linearity test circuit. 


Differential Linearity 


The Differential Linearity is the difference from the ideal step. 
To guarantee monotonicity a maximum of 1 LSB differential 
error is allowed. When more than 1 LSB is specified the con- 
verter is considered to be missing codes. Figure 10 shows 
the linearity test circuit. 


Clock Phase Relationship 


The HI20201 is designed to be operated at very high speed 
(i.e., 160MHz). The clock lines should be driven with 
ECL100K logic for full performance. Any external data 
drivers and clock drivers should be terminated with 50Q to 
minimize reflections and ringing. 


Internal Data Register 


The HI20201 incorporates a data register as shown in the 
Functional Block Diagram. This register is updated on the 
rising edge of the CLK line. The state of the Complement bit 
(COMPL) will determine the data coding. See Table 2. 


TABLE 2. INPUT CODING TABLE 


| QUTPUTCODE— CODE 
INPUT CODE a 1 COMPL = 0 


Thermal Considerations 


The temperature coefficient of the full scale output voltage 
and zero offset voltage depend on the load resistance con- 
nected to lout. The larger the load resistor, the better (i.e., 
smaller) the temperature coefficient of the D/A. See Figure 3 
in the performance curves section. 


Noise Reduction 


Digital switching noise must be minimized to guarantee system 
specifications. Since 1 LSB corresponds to 1mV for 10-bit reso- 
lution, care must be taken in the layout of a circuit board. 


Separate ground planes should be used for DVss and 
AVss. They should be connected back at the power supply. 


Separate power planes should be used for DVeg and AVeg. 
They should be decoupled with a 1pF tantalum capacitor 
and a ceramic 0.047uF capacitor positioned as close to the 
body of the IC as possible. 
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Test Circuits 


po {7 | 28 
Peete a EO 
gett = py 4.56V 
a i tn in 
_ 8 settin 24] 
ap »b : el Es 
0.80V— or .75V 
Siti 
sano = ae 
60 9 | [20 ;-—Foc ae 
a 0.80V OF 8] 
-1.75V 
= 
$17 
53814020 [13 st— > 0(75).518 a 
S13 By 
Zz 8 15D eh = = 5.2V 


SS . mn 


FIGURE 9. CURRENT CONSUMPTION, INPUT CURRENT AND OUTPUT RESISTANCE 


LINEARITY ERRORS ARE MEASURED AS FOLLOWS 


~~ 
4 
rT 
-_- 
o 
A 


=a 27 | 
0.89V ia = 4 
1.75V 
tin thn =f Ed 5.2V 
geo [25] hr 
eee 24] 
10-BIT a a 6 | 
mm er 
DL Di. 
ee i] ae 
go 201-8 
=, 
a1 18 V128 - V127 
72 | Vi92- Vigt 
ra 6 c 
ae = | ve Vaeo - Voso bE 
1 SHOT ¢ 
aeeaaag Ss} ae 
_ L Error at individual measurement points are calculated = 
+ Adjust so that the full scale of DC voltage at pin 20 becomes according to the following definition. ve) 
1.023V, that is, to satisfy Vo - Vi923 = 1.023V. (V1023 - Vo)/1023 = Voirgy/1023 = 1 LSB. = 
ra) 


FIGURE 10. DIFFERENTIAL LINEARITY ERROR AND LINEARITY ERROR 
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Test Circuits (Continued) 


1/6 HD100151 
Vi 10ka 
: 
3 7 Ka 5.2V 
-5.2V CLKF  -5.2V 24] 
-1.3V 
: 50Q 
V7, FI© op son 
20 > 
at om —_ 
V 
ein 
131 a 131 ial 
DL: Delay line 
4 -1.3V 4 -5.2V Capacitors are 0.047yF ceramic chip capacitors unless otherwise specified. 


FIGURE 11. MAXIMUM CONVERSION RATE, RISE TIME, FALL TIME, PROPAGATION DELAY, SETUP TIME, HOLD TIME AND 
SETTLING TIME CIRCUIT 


Measuring Settling Time 


Settling time is measured as follows. The relationship 
between V and Vrs) as shown in the D/A output waveform 
in Figure 12 is expressed as 


V = Vorg) (1 - e*). 
The settling time for respective accuracy of 10, 9 and 8-bit is 
specified as 


V = 0.9995 Vo(FS) 
V = 0.999 VoyFs) 
V = 0.999 Vo(FS) 
which results in the following: 
ts = 7.60T for 10-bit, 
ts =6.93T for 9-bit, and 
ts =6.24T for 8-bit, 
Rise time (t,) and fall time (ts) are defined as the time interval 
to slew from 10% to 90% of full scale voltage (Vo(Fs)): 
¥=04 Vo(FS) 
V=09 Vo(FS) 
and calculated as t, = ts = 2.20T. 


FIGURE 12. D/A OUTPUT WAVEFORM 


The settling time is obtained by combining these expressions: 


ts = 3.45t, for 10-bit, 
ts =3.15t, for 9-bit, and 
ts = 6.24t, for 8-bit 
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Test Circuits (Continued) 


Adjust so that the voltage at point B 
becomes -1V with no AC input. 


cs 
a 
a 
a 
cf 
cf 
a 
a 
11) 
12) 
13) 
14) 


CLK 
ieais AGND DGND 
FIGURE 13A. 
WAVEFORM AT POINT A Veg -0.62V 
Vee -0.31V 
FIGURE 13B. 
1Vp.p AT 1MHz 
WAVEFORM AT POINT B -1V 
FIGURE 13C. 


FIGURE 13. MULTIPLYING BANDWIDTH 
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wD HARRIS Hi20203 


8-Bit, 160 MSPS, 
August 1997 Uitra High-Speed D/A Converter 


Features Description 


e Throughput Rate The HI20203 is an 8-bit, 160MHz ultra high speed D/A con- 
; verter. The converter is based on an R2R switched current 
* 8-Bit (1120203) Resolution source architecture that includes an input data register with 
¢ Differential Linearity Error : a complement feature and is Emitter Coupled Logic (ECL) 
compatible. 
Low Glitch Noise 
The HI20203 is an 8-bit accurate D/A with a linearity error of 
Analog Multiplying Function 0.5 LSB. 
Low Power Consumption For 10-bit resolution, please refer to the HI20201 data sheet. 
Evaluation Board Available 


Ordering Information 
Direct Replacement for the Sony CX20201-3, CX20202-3 


PART TEMP. 
Applications NUMBER | RANGE (°C) 
* Wirelsen Communteations HI20203JCB 28LdSOIC | M28.3A-S 
* Signal Reconstruction HI20203JCP 28Ld PDIP | E28.6A-S 


Direct Digital Synthesis 

High Definition Video Systems 
Digital Measurement Systems 
Radar 


Pinout 


HI20203 
(PDIP, SOIC) 
TOP VIEW 


(MSB) D7 { 1. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 4096 1 
Copyright © Harris Corporation 1997 10-74 
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Typical Application Circuit 


HI20203 
28) AV 
D7 p7(msp)(1) 72) 4¥ss 
na ei 1skKasS OY 
1kQ ~2.7V 
vii DS (3) (27) Vrer 
D4 D4 (4) iy | 
DEN. D3 D3 (5) a TL431CP 
(ECL) 02 D2 (6) (26) AVeg -5.2V 
D1 D1 (7) 0.0471F 
Do DO (8) ial 
(9) 
(10) 
(11) 75Q COAX CABLE 
(12) (20) lout F—tqy_D/A OUT 
(18, 19, 21-25) NC ihe 
¥ 
17) DVss 
CLK CLK (13) ( 
4.3V ipa a CLK(14) (16) COMPL ameY, = 
0.047,.F 
1312 (15) DVeg -5.2V 


3.6kQ 
-5.2V 


Functional Block Diagram 


(LSB) DO ¢ 
Di ¢ 
D2 ¢ 


8-BIT 
D3 ¢ REGISTER 


D4 ¢ 
D5 ¢ 
D6 ¢ 


(MSB) D7 ¢ 


COMPL ¢ 


CLK ¢ BIAS CURRENT 
GENERATOR 
CLK ¢ 


” 
o 
Lu 
_ 
oc 
Lu 
> 
= 
O 
O 
< 
= 
OQ 


AVee AVss DVeE DVss 


10-75 


HI20203 


Absolute Maximum Ratings Ty, = 25°C Thermal Information 
Digital Supply Voltage DVeg to DVss ...... eee eee ee eee -7.0V Thermal Resistance (Typical, Note 5) 8a (CC/W) 
Analog Supply Voltage AVpp to AVgg ..--.-.. eee eee -7.0V SOIC Package. .......... cece cece e eee eeees 67 
Digital Input Voltage (ST. C Oe VATA CDRS we Ow Res +0.3 to DVEE V PDIP Package Pa oe ap crale: & Hi RS ee a ee 58 
Reference Input Voltage...............-.. 006 +0.3to AVeeE V = Maximum Junction Temperature..............00. eee eee 150°C 
OE daeed arnt eevee es ene ce raswewnaiee nes) 20mA Maximum Storage Temperature Range .......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 
(SOIC - Lead Tips Only) 
Operating Conditions 
Supply Voltage Reference Input Voltage, Vafe........ Veg + 0.5V to Veg + 1.4V 
PRES VEE b 6 ere eeVeKGe eee er aeeewr ors -4.75V to -5.45V Load Resistance, Ry... .. 2... cece c cece ee nee Above 75Q 
P¥G6 + DOVES. siivccscesnu sews evan weew nas -0.05V to +0.05V Output Voltage, Vo(Fs)...-- 6. eee eee eee eee eee 0.8V to 1.2V 
Digital Input Voltage Temperature Range ..........0.cceeecccneeees -20°C to 75°C 
Uae cha cuansceareueerenncahtaredaess waned -1.0V to -0.7V 
Wis iaicawendecadwons bed oewteavan ceeded -1.9V to -1.6V 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications = AVe¢ = -5.2V, DVe¢ = -5.2V, AGND = OV, DGND = OV, R,._ =», Voyt =-1V, Ta = 25°C 


HI20203JCB/JCP 


SYSTEM PERFORMANCE 


DO GO 
Integral Linearity Error, INL fs = 160MHz (End Point) a ee oe 


Offset Error, Vos (Note 3) LSB 
(Adjustable to Zero) 
Full Scale Error, FSE (Note 3) +26 LSB 
(Adjustable to Zero) 


DYNAMIC CHARACTERISTICS 


Throughput Rate 
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Electrical Specifications = AVe¢g = -5.2V, DVeg = -5.2V, AGND = OV, DGND = OV, R; = =», Voyt =-1V, Ta = 25°C (Continued) 


HI20203JCB/JCP 
PARAMETER TEST CONDITION | oMIN- | TYP | MAX | UNITS 


Input Logic Current, li. iy Vin = -0.89V, Vi. = -1.75V Leta Le 

(For D9 thru D6, COMPL) (Note 2) 

(For D5 thru DO) (Note 2) 

TIMING CHARACTERISTICS 

Propagation Delay Time, tpp a 

Settling Time, tgeT (to 1/> LSB) aa 
0 


POWER SUPPLY CHARACTERISITICS 


mA 


NOTES: 
2. Parameter guaranteed by design or characterization and not production tested. 
3. Excludes error due to reference drift. 
4. Electrical specifications guaranteed only under the stated operating conditions. 


Timing Diagram 


CLK ese eau Puenmnenee we 4 


CLK emeunaeaamn @ manasa ae 


DATA 


FIGURE 1. LADDER SETTLING TIME FULL POWER BANDWIDTH (LS) 
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Typical Performance Curves 


1.05 


mt ot ft | | | 

PISA | | | tt 
a 

7 = = 


25°C) 


FULL SCALE OUTPUT VOLTAGE (V) 
FULL SCALE OUTPUT VOLTAGE (RELATIVE 


= 
& 
a pee _| 
ce Lt | | | WES 
irs 
S 
ao 
— ] 
| 
$s 
ost_t | | | | | | | '[ 
20 0 20 40 60 80 
Vrer - Vee (V) AMBIENT TEMPERATURE (°C) 
FIGURE 2. Voirs) RATIO vs (Vrer - VEE) FIGURE 3. FULL SCALE OUTPUT VOLTAGE vs AMBIENT 
TEMPERATURE 


oO 


LUMI CUI TUTTI LT 
TET Yeats tf 
IT TTT tT TIT 
NS oe 
hl NAT 


GAIN (dB) 
= 
% s 
PHASE (DEGREE) 
GLITCH ENERGY (pV/s) 


-18 


10K 100K 1M 10M 100M 
MULTIPLYING INPUT SIGNAL FREQUENCY (Hz) CASE TEMPERATURE (°C) 
FIGURE 4. OUTPUT CHARACTERISTICS vs MULTIPLYING FIGURE 5. GLITCH ENERGY vs CASE TEMPERATURE 
INPUT SIGNAL FREQUENCY (FULL SCALE - 1023mV) 


Pin Descriptions 


28PINSOIC |  PINNAME | PIN DESCRIPTION 
| 1-8 | DO (LSB) - D7 (MSB) | Digital Data Bit 0, the Least Significant Bit thru Digital Data Bit 7, the Most Significant Bit. 


No connect, not used. 


ee ae Negative Differential Clock Input. 
| 14 | CLK ~—_| Positive Differential Clock Input 
Digital (ECL) Power Supply -4.75V to -7V. 


Data Complement Pin. When set to a (ECL) logic High the input data is complemented in the input 
buffer. When cleared to a (ECL) logic Low the input data is not complemented. 


SS 7 
SS OR 
SR RS 
__# 
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Detailed Description 


The HI20203 is an 8-bit, current-output D/A converter. The 
converter has 10 data bits but yields 8-bit performance. 


Architecture 


The HI20203 is a combined R2R/segmented current source 
design. The 6 least significant bits of the converter are derived by 
a traditional R2R network to binary weight the 1mA current 
sources. The upper 4 most significant bits are implemented as 
segmented or thermometer encoded current sources. The 
encoder converts the incoming 4 bits to 15 control lines to enable 
the most significant current sources. The thermometer encoder 
will convert binary to individual control lines. See Table 1. 


TABLE 1. THERMOMETER ENCODER 


THERMOMETER CODE 
1 = ON, 0 = OFF 
BIT 6 BIT 5 BIT 4 ly5-Io 


Fo {| 0 {| 0 | © {0000000 0000 0000 _ 
| 0 {| 0 | © | 1 _{ 00000000000 0001_| 
| 0 | oOo {| 4 {© {0000000 00000011 | 
| o | o f 41 | 000 0000 0000 0111 


000 0000 0000 1111 
1 000 0000 0001 1111 
000 0000 0011 1111 
000 0000 0111 1111 
000 0000 1111 1111 
000 0001 1111 1111 


1 


000 0111 1111 1111 
OOO 1111 11111111 
001 1111 1111 1111 
014 1111 1111 1111 
117.1911 11111111 


1 


a 
gz 
po | 
1 
| 0 
1 | 0 | 0000011 11111111 
ez 
| 0 


1 1 


The architecture of the HI20203 is designed to minimize glitch 
while providing a manufacturable 10-bit design that does not 
require laser trimming to achieve good linearity. 


Glitch 


Glitch is caused by the time skew between bits of the 
incoming digital data. Typically the switching time of digital 
inputs are asymmetrical meaning that the turn off time is 
faster than the turn on time (TTL designs). In an ECL system 
where the logic levels switch from one non-saturated level to 
another, the switching times can be considered close to 
symmetrical. This helps to reduce glitch in the D/A. Unequal 
delay paths through the device can also cause one current 
source to change before another. To minimize this the Harris 
HI20203 employs an internal register, just prior to the current 
sources, that is updated on the clock edge. Lastly the worst 
case glitch usually happens at the major transition i.e., 
01 1111 1111 to 10 0000 0000. But in the HI20203 the glitch 
is moved to the 00 0001 1111 to 11 1110 0000 transition. This 
is achieved by the split R2R/segmented current source 
architecture. This decreases the amount of current switching 
at any one time and makes the glitch practically constant over 


the entire output range. By making the glitch a constant size 
over the entire output range this effectively integrates this 
error out of the end application. 


dn measuring the output glitch of the HI20203 the output is 
terminated into a 75Q load. The glitch is measured at the 
major carry’s throughout the DACs output range. 


The glitch energy is calculated by measuring the area under 
the voltage-time curve. Figure 7 shows the area considered 
as glitch when changing the DAC output. Units are typically 
specified in picoVolt/seconds (pV/s). 


H1I20203 


(20) lout 


FIGURE 6. HI20203 GLITCH TEST CIRCUIT 


A (mV) GLITCH ENERGY = (a x t)/2 


FIGURE 7. GLITCH ENERGY 
Setting Full Scale 


The Full Scale output voltage is set by the Voltage Refer- 
ence pin (27). The output voltage performance will vary as 
shown in Figure 2. 


The output structure of the HI20203 can handle down to a 
75Q load effectively. To drive a 50Q load Figure 8 is 
suggested. Note the equivalent output load is ~75Q. 


HI20203 


390 502 COAX CABLE 


(20) lout 


(18, 19, 21-25) NC 


FIGURE 8. HI20203 DRIVING A 502 LOAD 
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Variable Attenuator Capability 


The HI20203 can be used in a multiplying mode with a variable 
frequency input on the Vpe_r pin. In order for the part to operate 
correctly a DC bias must be applied and the incoming AC sig- 
nal should be coupled to the Vref pin. See Figure 13 for the 


application circuit. The user must first adjust the DC reference 
voltage. The incoming signal must be attenuated so as not to 


exceed the maximum (+1.4V) and minimum (+0.5V) reference 
input. The typical output Small Signal Bandwidth is 14MHz. 


Integral Linearity 


The Integral Linearity is measured using the End Point 
method. In the End Point method the gain is adjusted. A line 
is then established from the zero point to the end point or 
Full Scale of the converter. All codes along the transfer curve 
must fall within an error band of 1 LSB of the line. Figure 10 
shows the linearity test circuit. 


Differential Linearity 


The Differential Linearity is the difference from the ideal step. 
To guarantee monotonicity a maximum of 1 LSB differential 
error is allowed. When more than 1 LSB is specified the con- 
verter is considered to be missing codes. Figure 10 shows 
the linearity test circuit. 


Clock Phase Relationship 


The HI20203 is designed to be operated at very high speed 
(i.e., 160MHz). The clock lines should be driven with 
ECL100K logic for full performance. Any external data 
drivers and clock drivers should be terminated with 50Q to 
minimize reflections and ringing. 


Internal Data Register 


The HI20203 incorporates a data register as shown in the 
Functional Block Diagram. This register is updated on the 
rising edge of the CLK line. The state of the Complement bit 
(COMPL) will determine the data coding. See Table 2. 


TABLE 2. INPUT CODING TABLE 


OUTPUT CODE 
INPUT CODE COMPL=1 | COMPL=0 
00 0006 0000 


Thermal Considerations 


The temperature coefficient of the full scale output voltage 
and zero offset voltage depend on the load resistance con- 
nected to loyr. The larger the load resistor the better (i.e., 
smaller) the temperature coefficient of the D/A. See Figure 3 
in the performance curves section. 


Noise Reduction 


Digital switching noise must be minimized to guarantee system 
specifications. Since 1 LSB corresponds to 1mV for 10-bit 
resolution, care must be taken in the layout of a circuit board. 


Separate ground planes should be used for DVss and 
AVss. They should be connected back at the power supply. 


Separate power planes should be used for DVeg and AVeeg. 
They should be decoupled with a 1yF tantalum capacitor 
and a ceramic 0.047uF capacitor positioned as close to the 
body of the IC as possible. 


Test Circuits and Waveforms 


Ls) 
wo 
—_ 


a$14,(19)0%0-2 
4 "a,815,(14)08%0- > 


-0.89V 7 a .75V 


hie oe oo 


S19 1ImA 
pA ¢ 
be o 
() Vy) 
ae (5 S18 4 
5.2V 


FIGURE 9. CURRENT CONSUMPTION, INPUT CURRENT AND OUTPUT RESISTANCE 
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Test Circuits and Waveforms (continued) 


LINEARITY ERRORS ARE MEASURED AS FOLLOWS 


S1 $2 S3 S7 $8 
ai 0} 0] 0 0 | 0 
vl at 28 0 0 0 0 1 
DEOY L. 47ey ae a 
ln ie aap = dew |, |, |, |. 
Hate 24] 
8-BIT E a 6 | 23 
DATA 
eo Vy -Vo 
ye El OUT de 
4-V3 
S Eo Vg - V7 
10 19] Vie~ Vis 
V32 - V31 
a4 18] Ve4 - Vea 
12] V428 - V127 
Lave 13 De ° 
1 SHOT 
= 5 CLK i Es an Error at individual measurement points are calculated 


according to the following definition. 
(Va55 - Vo)/1023 = Vo(Fs)/255 = 1LSB. 


FIGURE 10. DIFFERENTIAL LINEARITY ERROR AND LINEARITY ERROR 


17, HD100151 8) 1 
10kQ 
a 
a 27 
Ey 26 
a Fo 52V 
5.2V CLKF  -5.2V te 24) 
ca 23 
- +z 
500 
Vy a Z21© 4. son 
HD100116 oO _ — 
S oe Fal TO SCOPE 
at 18 
\/ 
470 82 12 
Ts ee =a : 
14] CLK 15 | ~ 
131 = 131 § -5.2V 17 
DL: Delay line > 
b .1.3V 5 -5.2V Capacitors are 0.047y.F ceramic chip capacitors unless otherwise specified. ro) 
O 
FIGURE 11. MAXIMUM CONVERSION RATE, RISE TIME, FALL TIME, PROPAGATION DELAY, SETUP TIME, HOLD TIME AND < 
SETTLING TIME an) 
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Test Circuits and Waveforms (continued) 
Measuring Settling Time 


Settling time is measured as follows. The relationship 
between V and VqFs) as shown in the D/A output waveform 
in Figure 12 is expressed as 


V = Vorg) (1 - e*), 
The settling time for respective accuracy of 10, 9 and 8-bit is 
specified as 


V = 0.9995 VoFs) 
V = 0.999 VoFs) 
V = 0.999 VoFs) 


which results in the following: 
ts = 7.60T for 10-bit, 


ts =6.93T for 9-bit, and 
ts = 6.24T for 8-bit, 


Rise time (t,) and fall time (ts) are defined as the time interval 
to slew from 10% to 90% of full scale voltage (Vo(Fs)): 


V=0.1 Vo(Fs) 
V = 0.9 VoFs) 
and calculated as t, = ty = 2.20T. 
The settling time is obtained by combining these expressions: 


ts = 3.45t, for 10-bit, 
ts =3.15t, for 9-bit, and 
ts =6.24t, for 8-bit 
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Vo(Fs) =1V 


FIGURE 12. D/A OUTPUT WAVEFORM 


HI20203 
Test Circuits and Waveforms (continued) 


Adjust so that the voltage at point B 
becomes -1V with no AC input. 


“4” \/ 10kQ 


0.1pF 


ui 

Hr 

He zs 

Le Ej (A) | ¥ 

i a -5.2V 

aE 

8 | 21 

a) 20] (B) TO SCOPE 

10) 19) 

11) 18) 

12) V 
rae = = Von 
_— 14 =H aan AGND DGND 

FIGURE 13A. 


WAVEFORM AT POINT A Veer -0.62V 
Veg -0.31V 
FIGURE 13B. 
1Vp.p AT 1MHz 
WAVEFORM AT POINT B “1V 
FIGURE 13C. 


FIGURE 13. MULTIPLYING BANDWIDTH 
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FARRIS 


SEMICONDUCTOR 


HI20206 


Triple 8-Bit, 35 MSPS, RGB, 
3-Channel D/A Converter 


aD 


August 1997 


Features Description 

© FOSOUNION 2c sc gidcdsaeseswonn kena sn ds Triple 8-Bit the HI20206 is a triple 8-bit, high-speed, bipolar D/A 

e Maximum Conversion Speed ............... 35MHz_ converter designed for video band use. It has three sepa- 

¢ RGB 3-Channel Input/Output rate, 8-bit pixel inputs, one each for red, green, and blue 

. tI : . { video data. A single 5.0V power supply and pixel clock input 
meen Linearity EVrOP venscexnsesaaes oigeee is all that is required to make the device operational. A bias 

* Digital Input Voltage ............... eee TTL Level voltage generator is internal: For lower CMOS power 

¢ Output Voltage Full-Scale.............. 1Vp.p (Typ) consumption, refer to the HI1178. 

e Low Power Consumption ............+. 360mW (Typ) 


Ordering Information 


TEMP. | 
PART NUMBER | RANGE (°C) 


HI20206JCP -20to75 |42Ld PDIP E42.6B-S 


e +5V Single Power Supply 
¢ Direct Replacement for Sony CX20206 


Applications 

¢ Digital TV 

Graphics Display 

High Resolution Color Graphics 
e Video Reconstruction 

e Instrumentation 

Image Processing 

e I/Q Modulation 


Pinout 


HI20206 (PDIP) 
TOP VIEW 


R5 
R6 
R7 
R8 
G1 
G2 
G3 
G4 
G5 
G6 
G7 
G8 
B1 
B2 
B3 
B4 
BS 
B6 
B7 
B8 
CLK 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 4111.1 
Copyright © Harris Corporation 1997 10-84 
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Functional Block Diagram 


DGND 
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= 


DECODER 
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INTERNAL 
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VOLTAGE 
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CLK DVcc AGND VRET VREF 
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Pin Descriptions 


1 To 20 R1 To R8 
39 To 42 G1 To G8 
B1 To B8 


a 


me | © 


HI20206 


EQUIVALENT CIRCUIT DESCRIPTION 


Digital Input pin. From pins 39 to 42 and from 1 
to 4 are for RED. R1 is MSB and R8 is LSB. 
From pins 5 to 12 are for GREEN. Gi is MSB 
and G8 is LSB. From pins 13 to 20 are for 
BLUE. B1 is MSB and B8 is LSB. 


Clock Input pin. 


ee 


Bias Input pin. Normally, apply 0.8V. 


Internal Reference Voltage Output pin 1.2V 
(Typ). A pulldown resistance is necessary 
externally. 
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Pin Descriptions (continued) 


[rwne [Svea [—_-eauvatenromcur—[____oeScRIPTION 
A 
A C1 
CT 


BOUT Analog Output pin for BLUE. 


33 GOUT AVoc Analog Output pin for GREEN. 
29) 
Ro 
33) 
25) 
AGND 


- ROUT Analog Output pin for RED. 


a 


1. Pins 30, 32, 34 and 36 are vacant, but in order to reduce interference between the individual RGB outputs, connect them to AVcc. 
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Absolute Maximum Ratings Thermal Information 
SuUppIY VONEGS (VEG). ccc cstewere neers eweurewusea sd OVto7V Thermal Resistance (Typical, Note 2) Oya (°C/W) 
Input Voltage (Digital) (Vj, VCLK) --- +++ -+-s+e eee. OSBYOVGG PDIP Package. .cicsascnercssssacceesccaens 70 
Output Voltage (Analog) (VseT).-...--------- Vcc -2.1V to Vcc Maximum Storage Temperature Range (TsT@) . . . .-65°C to 150°C 
Output Current Maximum Lead Temperature (Soldering 10s)............. 300°C 
Analog (oy) «scx ccedscswescesasansduncus -38mA to 10mA 
Woee PUREE) wo cccoeeree sake bec an ee ed ewes -5mA to OMA 
Supply Voltage Range (Typ)...........-.. eee ee eens 5V to 10V 
Recommended Operating Conditions 
Supply Voltage 
PV G6, OV GGs a ccast ees ovasens cena end e nna ews 4.5V to 5.5V 
PVGCDVGG cic cscctennnrsneecaccennesveens -0.2V to 0.2V 
PEO) ek cents eu vee ede eeeewews osx -0.05V to 0.05V 
Digital Input Voltage 
PLB is, Viel ED) nc ves nee so eeeaned eoewe 2.0V to DVcc 
L Level (Va , VGN) s9sccctew a caneivesaneuns DGND to 0.8V 
Veer pul Voltage (Vse7). . «100 vvexvecccven vanes 0.7V to 0.9V 
Vace Pin Curent (ape)... ccc cas ccecnweweswe us -3mA to -0.4mA 
Clock Pulse Width 
Ja) Eee eee rere eee ee ere ee eee ee eee ee er ee 15ns 
TUN) oie xi. bina Ges reeks Che wnseearieaseea keene s ¥ 10ns 
Temperature Range (Topr).....-.. 6. eee eee eee -40°C to 85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
2. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Ts = 25°C, AVcc = DVcc = 5V, AGND = DGND = OV 


TEST 
PARAMETER SYMBOL CONDITIONS ers UNITS 


EE 
[Monotorie SSS TSS atv | 


Differential Linearity Error Vset - AGND = 0.8V, | 0.5 | LSB 
Scale 

Maximum Conversion Speed Vset - AGND = 0.8V, MHz 

Full Scale Output Voltage (Note 3) Ri > 10kQ, C_ < 20pF 1.15 


Output Zero Offset Voltage 


Output Resistance ee 
Ry > 10kQ, IRer = -400NA 
Digital Data Input H Level Vi = DVc¢c Le | 
en ee 
0 
1.08 


Internal Reference Voitage lIREF = -400nA 
Set Up Time ee a 


NS 
ine) 


ak 
o 


Hold Time 
Crosstalk Among R, G and B 


RGB Output Voltage Full Scale Ratio (Note 4) 
: 


oo 
oo 


C D/A OUT: 1Vp.p, Ri>10kQ, 
C,<20pF, fpata = 7MHz, 
foLK = 14MHz, See Figure 5 
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Electrical Specifications T, = 25°C, AVcc = DVcc = 5V, AGND = DGND = OV (Continued) 
Ry >10kQ, fo_K = 1MHz, 
Rise Time (Note 6) | ty | Vget - AGND = 0.8V 


TEST 
PARAMETER SYMBOL CONDITIONS | al ae 1 aoe UNITS 
Digital Ramp Output, 
Fall Time (Note 6) | ye See Figure 4 


Glitch Energy Vset - AGND = 0.8V, 
See Figure 6 (Note 5) 
Settling Time 


NOTES: 

3. AVcc- Vo. y ” - 

4. Maximum value among 100 eae 100x|r2FS@)_ |, or 100x ese | 
OFS(G) OFS(B) OFS(R) 


5. Observe the glitch which is generated when the digital input varies as follows: 
0014141141 14111 —01000 000 
0111411141 11411-10000 000 
101141314 1414 1—1%1000000 


6. The time required for the D/A OUT to arrive at 90% of its final value from 10%. 


INPUT CORRESPONDING TABLE 


INPUT CODE OUTPUT VOLTAGE 


1111779111 Voc + VoFFSET 


10000000 Voc + VoFFsET -0.5V 


00000000 Voc + Voreset -1.0V 
NOTE: In case the output voltage full scale is 1V (1 LSB = 3.92mV). 


Test Circuits 


DVcc 

D1 
D2 

; 

3 D8 

3K 
DGND 
CLK TTL LEVEL 


CLK 


Hi20206 


FIGURE 1. DIFFERENTIAL LINEARITY AND INTEGRAL LINEARITY TEST CIRCUITS 
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Test Circuits (continued) 


DIGITAL RAMP 
OUT D1 Di ~ D8 Y WAVEFORM GENERATION 
D2 8 (R) 6 ROUT 
8-BIT ; Di ~ D8 GOUT : 
counreR | $ 33)——« 
(TTLOUTPUT)| 8 (G) BOUT ¢ 
(LSB) yg @) OSCILLOSCOPE 
D8 
Rin = 1MQ 
IN 06) 12.5K BW =20MHZ 
ey 32uF 
CLK 
see HI20206 
f = 35MHz 
TTL LEVEL 
RECTANGULAR 
WAVE 
AGND DGND 
AVcc DVcc 


TIMING BETWEEN CLK AND DATA 


FIGURE 2. MAXIMUM CONVERSION RATE TEST CIRCUIT 


CLK TTL LEVEL 
CLK 


HI20206 


FIGURE 3. OUTPUT VOLTAGE FULL SCALE PRECISION, RGB OUTPUT VOLTAGE FULL SCALE RATIO, AND OUTPUT ZERO 
OFFSET VOLTAGE TEST CIRCUITS 
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Test Circuits (Continued) 


HI20206 


im 
Gp COAXAL CABLE 
D1 ~ D8 > (0) ROUT 
OBSERVE DATA 6 (35) COAXAL $ cp 
WAVEFORM WITH 330 51 CABLE OBSERVE WITH 
AN OSCILLOSCOPE = ae (6) cout AN OSCILLOSCOPE 
nae @ COAXAL Rin = 1MQ 
BW = 200MHz a 330 54 CABLE >°° BW = 200MHz 
BOUT 
COAXAL CABLE (im) 1.2K UO @ nn O 
330 51 CABLE >°° 
(o}e€) 
— 
Lt]. 
(TTL) 33uF 
DIVIDER 1.2K 
COAXIAL CABLE (1m) OBSERVE CLK WITH 
f = 35MHz oD . 
TTL LEVEL 2) ( rey TR 
47 50 BW = 200MHz 
PULSE GENERATOR 
8082A (YHP) 
f = 35MHz 


TTL LEVEL RECTANGULAR WAVE 
AGND DGND AVcc DVcc 


li. | 


FIGURE 4. SET-UP TIME, HOLD TIME, AND RISE AND FALL TIME TEST CIRCUITS 


PULSE GENERATOR 
8082A (YHP) 


DELAY 
ADJUSTMENT 


D1 ~ D8 
8 (R) 50Q 
: rsiee EXIT 
()s-12 5) 
: GOUT XS FET SPECTRUM 
f = 7MHz (33) a PROBE cee ANALYZER 
TTL LEVEL BOUT ¢ 
RECTANGULAR WAVE () 13-20 @)) Beied TT ERTRONG 
1 lo € 
DIVIDER @) AVcc 
er 
MCLK ® 
f = 14MHz (21) (22) — 
TTL LEVEL CLK 
RECTANGULAR WAVE HI20206 


Measuring Method, in case the measuring crosstalk of G > R: 
1. Apply the data to G only, and measure the power of the frequency component of the data at Royrt. 
2. Apply the data to R only, and measure the power of the frequency component of the data at RoytT. 
3. Take the difference of the above two powers; the unit is in dB. 


FIGURE 5. CROSSTALK AMONG R, G, AND B TEST CIRCUIT 
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Test Circuits (continued) 


(MSB) 
OUT D1 D1 ~ D8 37) 
De 8 (R) ROUT 
D1 ~ D8 © GOUT 
( )5~ 12 G3) 
8 (G) BOUT 
(LSB) 
D8 D1 ~ D8 @ 
8 (B a9 Vv 
Tr a (B) @ REF 
ohn 26) 
© 
© 33 uF 
&) (22) 
CLK 
HI20206 
MCLK 
f = 35MHz 
TTL LEVEL 
RECTANGULAR 
WAVE 


TIMING OF CLK AND DATA 


DIGITAL RAMP 
WAVEFORM GENERATION 


LL 


T OSCILLOSCOPE 
Rin = 1MQ 
Cin = 20pF 
BW = 5MHZ 


AGND DGND 


; 


FIGURE 6. GLITCH ENERGY TEST CIRCUIT 


DATA (R) 
(TTL LEVEL) 


3K 


CLK 
(TTL LEVEL) 


JIN 


TR is matching resistance for LPF. 


HI20206 


FIGURE 7. APPLIED CIRCUIT EXAMPLE 
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BW = 16MHz 


AGND DGND 


L ie 


AVcc DVcc 


| | 


HI20206 


Timing Diagram 


ty ti2 to t 
' tpwi | tpwo ' 
———— ar 


NOTE: At the time t = ty, the data of individual bits are switched and NOTE: 


ee ee <8 VTH = 1.4V 


Vru: THRESHOLD LEVEL 


At the time t = ty, the data of individual bits are switched and 


thereafter, when the CLK becomes LH att=t2,the D/AOUTis __ thereafter when the CLK becomes L —> H at t = tq, the D/A OUT is 
varied synchronous with it. That is, the D/A OUT is synchronous with —_ varied synchronous with it. That is, the D/A OUT is synchronous with 
the rise of the CLK. [In this case, fetching of the data is carried outat —_ the rise of the CLK. [In this case, fetching of the data is carried out at 
the fall of the CLK (at the time when t = ty)). the fall of the CLK (at the time when t = tg)). 


FIGURE 8. TIMING CHART 


Notes On Use 
(1) Setting of pin 26 (Vs_er) 


The full scale of the D/A output voltage changes by apply- 
ing voltage to pin 26 (Vset). When load is connected to 
pin 27 (VreF), DC voltage of 1.2V is issued and the said 
voltage is dropped to 0.8V by resistance division. 


When the 0.8V is applied to pin 26 (Vs_erT), the D/A 
output of 1Vp._p can be obtained. 


(Example of use): 


Om9 
< 
P) 
a ; 
Pe] 
RESISTANCE R (kQ) 


AGND 
FIGURE 9. 


(Adjustment Method) 


1. The resistance R is determined in accordance with 
the recommended operating condition of Iperf, 
(current flowing through resistance R). 
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See R vs Iper of Figure 14. The calculation 
expression is as follows: 
R = Vrer/|ReF- 

2. Adjust the volume so that the RGB output voltage 
full scale becomes 1V. 
(At this point, it becomes R1: R2 = 1:2). 


2 ane byl 


ES AS ES PER (I  , “ 
=. 


PIN CURRENT Iper (mA) 


FIGURE 10. RESISTANCE vs Vper PIN CURRENT 
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(3) 


(4) 
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Phase Relationship Between Data and Clock 


In order to obtain the desired characteristics as a D/A 
converter, it is necessary to set the phase relationship 
correctly between the externally applied data and 
clock. 


Satisfy the standard of the set-up time (ts) and hold 
time (t}4) indicated in the electrical characteristics. As to 
the meaning of ts and ty, see the timing chart. 


Moreover, the clock pulse width is desired to be as 
indicated in the recommended operating condition. 


Regarding the Load of D/A Output Pin 


Receive the D/A output of the next stage with high 
impedance. In other words perform so that it becomes 
as follows: 


Ry > 10kQ 
Ci < 20pF. 


The temperature characteristics indicated in the 
characteristics diagram has been measured under this 
condition. 


However, when it is made R,_ < 10kQ the temperature 
characteristics may change considerably. In addition, 
when it is made to C, 2 20pF, the rise and fall of the 
D/A output become slow and will not operate at high 
speed. 


Noise Reduction Measures 


As the D/A output voltage is a minute voltage of 
approximately 4mV per one step, ingenuity is required 
in reducing the noise entering from the outside of the 
IC as much as possible. Therefore, use the items given 
below as reference. 


HI20206 


PRINTED BOARD—— 


FIGURE 11. 
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e When mounting onto the printed board, allow as 
much space as possible to the ground surface and 
the Voc surface on the board and reduce the para- 
sitic inductance and resistance. 


It is desirable that the AGND and DGND be sepa- 
rated in the pattern on the board. It is similar with 
AVcc and DVcc. As shown in the diagram below, for 
example, it is recommended that the wiring to the 
electric supply of AGND and DGND as also AVcc 
and DVcc be conducted separately, and then mak- 
ing AGND and DGND as also AVcc and DV¢c in 
common right near the power supply respectively. 


¢ Insert in parallel a 47uF tantalum capacitor and a 
100pF ceramic capacitor between the Vcc surface 
on the printed board and the nearmost ground sur- 
face. (A of diagram below). It is also desirable to 
insert the above between the Voc surface near the 
pin of the IC and the ground surface (see Figure 11). 
They are bypass capacitors to prevent bad effects 
from occurring to the characteristics when the power 
supply voltage fluctuates due to the clock, etc. 


It is recommended to reduce noise which overlaps 
the D/A output by inserting a capacitor of over 0.1uF 
between pin 25 (AGND) and pin 26 (Vg_r). 


POWER SUPPLY 


HI20206 


Typical Performance Curves 


Ta= 25°C 
AVcc = DVcc = 5°C 
Ry > 10kQ 


OUTPUT VOLTAGE FULL SCALE (Vp.p) 


AGND (V) 


FIGURE 12. OUTPUT VOLTAGE FULL SCALE vs Vs_er - AGND 


Vser IS CREATED 
BY RESISTANCE 
DIVISION OF Vper 
(Vset = 2VReEF/3) 
IREF = 400A 

AVcc = DVcc = 5.0V 
Ry > 10kQ 


OUTPUT VOLTAGE FULL SCALE (mVp-_p) 


-20 0 20 40 60 80 
AMBIENT TEMPERATURE (°C) 


FIGURE 14. OUTPUT VOLTAGE FULL SCALE vs AMBIENT 
TEMPERATURE 


Ta = 25°C 
Vset - AGND = 0.8V 
Ry > 10kQ 


OUTPUT VOLTAGE FULL SCALE (Vp-p) 


POWER SUPPLY VOLTAGE (V) 


FIGURE 16. OUTPUT VOLTAGE FULL SCALE vs POWER 
SUPPLY VOLTAGE 


Ta= 25°C 
AVcc = DVcc = 5V 
Ry > 10kQ 


OUTPUT ZERO OFFSET VOLTAGE (mV) 
= 


nN 
° 


FIGURE 13. OUTPUT ZERO OFFSET VOLTAGE vs Vse_er - AGND 


oS 


Vsert IS CREATED 
BY RESISTANCE 
DIVISION OF Vper 
(Vset = 2VReF/3) 
REF = -400uA 
AVcc = DVcc = 5V 
Ry > 10kQ 


ie a a a ee 

ne (ee ee 

tf ieee se Ld 
20 


0 20 40 60 80 
AMBIENT TEMPERATURE (°C) 


OUTPUT ZERO OFFSET VOLTAGE (mV) 
a 


-_— 
i=) 
‘ 


FIGURE 15. OUTPUT ZERO OFFSET vs AMBIENT 
TEMPERATURE 


So 


Ta = 25°C 
Vset - AGND = 0.8V 
Ri > 10kQ 


OUTPUT ZERO OFFSET VOLTAGE (mV) 
a 


POWER SUPPLY VOLTAGE (V) 


FIGURE 17. OUTPUT ZERO OFFSET VOLTAGE vs POWER 
SUPPLY VOLTAGE 
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Typical Performance Curves (Continued) 


INTERNAL REFERENCE VOLTAGE (V) 
INTERNAL REFERENCE VOLTAGE (V) 


IneF = -400nA Ta = -25°C 
AVcc = DVcc = 5V IREF = 400A 
-20 0 20 40 60 80 
AMBIENT TEMPERATURE (°C) POWER SUPPLY VOLTAGE (V) 
FIGURE 18. INTERNAL REFERENCE VOLTAGE vs AMBIENT FIGURE 19. INTERNAL REFERENCE VOLTAGE vs POWER 
TEMPERATURE SUPPLY VOLTAGE 


-20 


Ta = 25°C 
OUTPUT VOLTAGE FULL SCALE 1Vp.p 
foLKk = 2fpaTA 


a AVcc = DVcc = 5V 
-80 Ry > 10k2, Cy <20pF 
PINS 30, 32, 34 AND 36 


rf. ARE CONNECTED TO AVoc 
-100 


DATA RATE (MHz) 


CROSSTALK (dB) 


20 


FIGURE 20. CROSSTALK AMONG R, G, AND B vs DATA RATE 
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ff) HARRIS 
Ga SEMICONDUCTOR 


H12304 


Triple 8-Bit, 20 MSPS, RGB, 
3-Channel D/A Converter 


August 1997 


Features Description 
* FGGOIUTION iv cccs acceeiceveesavnseia es Triple 8-Bit The HI2304 is a triple 8-bit, high-speed, CMOS D/A 
* Maximum Conversion Speed .............- 20MHz Converter designed for video band use. It has three 


separate, 8-bit, pixel inputs, one each for red, green, and 
¢ RGB 3-Channel Input/Output blue video data. A single 3.3V power supply and pixel clock 
Differential Linearity Error ............... 40.5LSB input can be controlled individually, or connected together 
, as one. The HI2304 also has BLANK video control signal. 
e Low Power Consumption ............0ceeees 50mW 
(3302 Load for 1.2Vp.p Output) For faster speed and 5.0V operation, refer to the HI1178. 


¢ Single Power Supply ............cceeeeeeees +3.3V Ordering Information 


Low Glitch Noise 
PART TEMP. 
NUMBER RANGE (°C) 


¢ Direct Replacement for Sony CXD2304 


Applications 

¢ Digital TV 

¢ Graphics Display 

¢ High Resolution Color Graphics 
¢ Video Reconstruction 


Instrumentation 
e Image Processing 
e 1/Q Modulation 


Pinout 
HI2304 
(MQFP) 
TOP VIEW 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 41 1 6.1 


Copyright © Harris Corporation 1997 10-97 
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HI2304 


Functional Block Diagram 


“4 DECODER 


oT |e 
ne 


al é 
R7 on 


2 LSBs 


= & 
(LSB) GO Cea CURRENT [t 
- CELLS 7] 


G6 (15) ae cnock AL 
ENERATOR 
~ ee ——— 
(LSB) BO 2LSBs 
Fd CURRENT i+ 
BI CELLS 


B2 


5) 


° - DECODER ~ 


Pin Descriptions 


| PINNO. | SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


RO to R7 Digital Input. 
DVpp 
17 to 24 BO to B7 G) 
TO 
DVss 
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Pin Descriptions (continued) 


| PINNO. | SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


Blanking pin. No signal at “H” (Output OV) 
Output condition at “L”. 


Connect a capacitor of about 0.1pF. 


Clock Pin. 


Chip Enable Pin. No signal (Output OV) at “H” and 
minimizes power consumption. 
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Pin Descriptions (continued) 


— SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


IREF Connect a resistance 16 times “16R” that of output 
resistance value “R’”. 


Set full scale output value. 


Connect a capacitor of about 0.1pF. 


Analog Vpp. 


Current output pin. Voltage output can be obtained by 
connecting a resistance. 


Inverted current output pin. Normally dropped to analog 
GND. 


47, 48 Digital Vpp. 
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Absolute Maximum Ratings Ta = 25°C 


Thermal Information 


Bepely VAS (Writ « .r6 enced xe dead cedue Denne ied oeews 7V Thermal Resistance (Typical, Note 1) B ya (CCW) 
Input Voltage (Vin)... 6.6 cece eee eee eee Vpp to Vss MQEFP Package ............ cece cece cece ees 104 
Output Current (IoUT)...-- 6 eee eee eee eee eens OmA to 15mMA Maximum Junction Temperature (Plastic Package) ........ 150°C 

(Every Each Channel) Maximum Storage Temperature (Tstg) ....-...-- -65°C to 150°C 
Operating Conditions Maximum Lead Temperature (Soldering 10s)............. 300°C 
Temperature Range (Topr)....---- 0 eee eee eee es -20°C to 75°C (eae Tips Ong . 
Supply Voltage 

PN rhs AV SE 22s vse cee eee inn seen dear ee de as 3.0V to 3.6V 

GG, DV AS ac bards os wane cde e en nbes nee ees 3.0V to 3.6V 
Reference input Vollage (Vaer). «+. cesses eccsseverencees 1.2V 
Clock Pulse Width 

Ul Pee eee eT eee eT eT eC eT eT Tree ee ee 25ns (Min) 

TOU) «ctr acer catton sd ease ene cake ones aged eas 25ns (Min) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 6a is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications — fo, = 20MHz, Vpp = 3.3V, Rout = 330, Vr_r = 1.2V, Ring = 5.1kQ, Ta = 25°C 


[PARAMETER | SYMBOL | TESTGONDITIONS | MIN | TYP | MAX | UNITS | 
FL 
[Maximum Conversion Speed | tax | ——SSSSSSSCSCSC~C~CSC| SST CO 
Linearity Error | + | 26 LSB 


ee ce 
ee 
es 7s 
ree ee ee oe 
ne Se 
ee Ie 


Differential Linearity Error 

Full Scale Output Voltage 

Full Scale Output Ratio (Note 1) 
Full Scale Output Current 
Offset Output Voltage 

Power supply Current 


Digital Input 
Current 


ee ae ae oe ee 


i = 
am 

2|/o 
O15 


Set Up Time 
Hold Time 
Propagation Delay Time 


| 
D 
V 
F 

| 
V 
G 


re 
Lee eeeeeeeenneueceniel 
ree ee oe ee 
eae pees incaesacieel 
eee oecaiegerienpenncnnel 


Glitch Energy 


NL 
NL 
FS 
SR 
FS 
Os 
NH 
Ne 
ts 
E 
CT 


[14.9MHz, atColor BarData input [| - | 15 |= | mA 


Crosstalk 


NOTE: 
2. Full Scale Output Ratio = 


LIMHz Sine Wave Output =] 83 | |B 


Full scale voltage of channel : 
Average of the full-scale voltage of the channels 


i x 100(%). 


I/O Chart (When Full Scale Output Voltage at 2.00V) 


INPUT CODE OUTPUT VOLTAGE 


1.2V 
0.6V 
OV 
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HI2304 


Timing Diagram 
tpw1 tpwi 
I I I I 
I ! | 1 
CLK 
I I I 
| I I 
1 ts ity 1 ts \tH, 1 ts jth, 
titel Mi ieee Gallal! Wi Wie ‘sola: Wh weil 
7 Wy, 
"KIA NKG 
Ld YH YY Lf 
] ltpp 
] a ~*~ 100 
! I 1 
I I | 
DIAOUT -----7-A----- --J----- on sein ah ees care & 50% 
| I 
| tpp | 
0% 
Typical Application Circuit 
> B (BLUE) OUT 
330 
V AVss 
2 G (GREEN) OUT 
330 
V AVss 
2 R (RED) OUT 
330 
VV 
AVss 


R (RED) IN 


DVss 


DVss 


a | m@ 
G (GREEN) IN e e2i/S) e © © @ e ef 


B (BLUE) IN 
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Notes On Operation 


How to Select the Output Resistance 


The HI2304 is a current output D/A converter. To obtain 
the output voltage, connect the resistance to IO pin (RO, 
GO, BO). For specifications we have: 


Output Full Scale Voltage Ves = 1.2 [V]. 
Output Full Scale Current Ips = 3.8 [mA]. 


Calculate the output resistance value from the relation of 
Ves = Igs x R. Also, 16 times resistance of the output 
resistance is connected to reference current pin Iperf. In 
some cases, however, this turns out to be a value that 
does not actually exist. In such a case a value close to it 
can be used as a substitute. Here, please note that Ves 
becomes Ves = Vref X 16R/R. R is the resistance con- 
nected to |O while R is connected to Iperf. Increasing the 


Test Circuits 


CLK 
20MHz 
SQUARE 
WAVE 


DELAY 
CONTROLLER 


CLK 
1MHz 
SQUARE DELAY 
wave CONTROLLER 


resistance value can curb power consumption. On the 
other hand, glitch energy and data settling time will 
inversely increase. Set the most suitable value according 
to the desired application. 


e Phase Relation Between Data and Clock 


To obtain the expected performance as a D/A converter, it 
is necessary to set properly the phase relation between 
data and clock, applied from the exterior. Be sure to satisfy 
the provisions of the set up time (ts) and hold time (ty) as 
stipulated in the Electrical Characteristics. 


* Vop: Vss 

To reduce noise effects, separate analog and digital systems 
in the device periphery. For Vpp pins, both digital and ana- 
log, bypass respective GNDs by using a ceramic capacitor of 
about 0.1F, as close as possible to the pin. 


OSCILLOSCOPE 


FIGURE 2. SET-UP HOLD TIME GLITCH ENERGY TEST CIRCUIT 
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Test Circuits (Continued) 


DIGITAL 
WAVEFORM 


GENERATOR 


SPECTRUM 


ANALYZER 


CLK 
20MHz 
SQUARE 
WAVE 


FIGURE 3. CROSSTALK TEST CIRCUIT (See Figure 7) 


CONTROLLER 


FIGURE 4. DC CHARACTERISTICS TEST CIRCUIT 
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Test Circuits (continued) 


FREQUENCY 
DEMULTIPLIER 


FIGURE 5. PROPAGATION DELAY TIME TEST CIRCUIT 


ALL “9 ” 
DIGITAL 
WAVEFORM 
GENERATOR ALL “1” 
SPECTRUM 
ANALYZER 


SNR: Difference between prima 
component and secondary distortion. 


FIGURE 6. SNR TEST CIRCUIT (See Figure 8) 
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HI2304 


Typical Performance Curves 


CROSSTALK (dB) 
SNR (dB) 
> 
° 


0.1M 1M 10M 
OUTPUT FREQUENCY (Hz) OUTPUT FREQUENCY (Hz) 
FIGURE 7. CROSSTALK FIGURE 8. SNR (DIFFERENCE BETWEEN PRIMARY 
COMPONENT AND SECONDARY DISTORTION) 


1.27 


S 
o 
= - 
=! < 
S$ E 
Ww = 
2 fs) 
9 B 
= = 
| 
= = 
2 
ire 
F 1.26 3 
a. 
: : 
a 
= 
0 (3) 
-25 0 25 50 75 
AMBIENT TEMPERATURE (°C) OUTPUT FREQUENCY (Hz) 
FIGURE 9. OUTPUT FULL SCALE VOLTAGE vs AMBIENT FIGURE 10. OUTPUT FREQUENCY vs CURRENT 
TEMPERATURE CONSUMPTION 
400 
Q 
= 
& 
> 
co) 
fi 200 
= 
Ww 
= 
oO 
= 
6 
0 
200 400 600 


FIGURE 11. OUTPUT RESISTANCE vs GLITCH ENERGY 
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Reference Measurement Condition and 
Description 


AVpp = 3.3V. 

DVpp = 3.3V. 

Vrer = 1.2V. 

Ring = 5-1kQ. 

Ta = 25°C. 

Figure 7 and Figure 8 refer to the measurement circuit. 
Figure 9 is input data = all 1. 


Figure 10 is input data = output of incremental counter, 
current consumption is total of 3ch. 
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FARRIS 


SEMICONDUCTOR 


H1I2307 


Triple 10-Bit, 50 MSPS, 
RGB, 3-Channel D/A Converter 


aD 


August 1997 


Features Description 
© MBBOIGUON c6csusecnsdvcnne cr seed eens Triple 10-Bit The HI2307 is a triple 10-bit, high-speed, CMOS D/A 
¢ Maximum Conversion Speed .............+: 50MHz _ converter designed for video band use. It has three sepa- 


rate, 10-bit, pixel inputs, one each for red, green, and blue 


2 eo eennee: pee video data. A single 5.0V power supply and pixel clock input 


* Differential Linearity Error ............... +0.5 LSB is all that is required to make the device operational. A bias 
¢ Low Power Consumption ............ 300mW (Max) voltage generator is internal. Each channel clock input can 
« iain Power Buus +5V be controlled individually, or connected together as one. The 

g Pins © SoS PaAGe ENS ELSES ESR ASes HI2307 also has BLANK video control signal. 
e Low Glitch ; . 
* Direct Replacement for Sony CXD2307 Order Ing Information 

P P PART TEMP. 

¢ Digital TV 


HI2307JCQ -20 to 75 64LdMQFP | Q64.10x10-S 


¢ Graphics Display 

¢ High Resolution Color Graphics 
e Video Reconstruction 

e Instrumentation 

e Image Processing 

e /Q Modulation 


Pinout 
HI2307 
(MQFP) 
TOP VIEW 
a 
Ww) 
=~8eea B85 28 ie 
ee@eazzBSzzbs2z2ze 22 
| BERGER ERERERERER Els 


R2 VGB 
R3 ROB 
R4 VGG 
R5 ROG 
R6 VGR 
R7 ROR 
R8 VRB 
R9 VRG 
GO (LSB) VRR 
G1 IRB 
G2 IRG 
G3 IRR 
G4 AVss 


G5 
G6 
G7 


VB 
DVss 
BCK 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


File Number 4117.1 
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Functional Block Diagram 


4 LSBs 


ni @ Lccuis | 
>: ee 
o> rn: 


R4 a | 
ed LATCHES 
R5 (4) DECODER 


as GQ) 
R7 (6) 


Rs (7) - DECODER 
a0 C— a 
(LSB) Go (9) 


son 


ERIE NBER ISO 


CLOCK 4 | 

| GENERATOR [ 
4 LSBs 
CURRENT (1 
CELLS 


“ts VRG 


pies 

G7 o— LM 

Gs (17) DECODER CURRENT | iS HD 
CELLS FOR [+4 IRG 
FULL SCALE ; 


a 74 cunrenr EC $2) AVop 
R 
on cus. (54) AVpp 


9s Cosel i 
B7 (26) 


ceLsFoR CO 
FULL SCALE ines 
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Pin Descriptions 


| NUMBER | SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 
RO to R9 Digital Input. 
sere | eomce 


19 to 28 BO to B9 


Blanking pin. No signal for High (OV output). 
Output generated for Low. 


Connect to DVss with a capacitor of approximately 
0.1,1F. 


Clock pins. All input pins are TTL compatible. 


Chip Enable pin. No signal for High (OV output) to 
minimize power consumption. 


52, 53, 56, AVpp AnalogVpp. 
57, 60, 61 
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Pin Descr iptions (Continued) 


ditccil SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


ROR Connect to VGR, VGG, and VGB with the control 
is ROG method of output amplitude. See Application 
47 ROB Circuit. 

44 VGR Connect a capacitor of approximately 0.1,F. 
46 VGG 

48 VGB 

37 IRR Connect to AVss with a resistance of 3.3kQ. 
38 IRG 

39 IRB 

40 VRR I Set output fullscale value (2.0V). 

41 VRG 

42 VRB 


Current output pins. Output can be retrieved by 
connecting a resistance of 200Q to AVss. 


Reverse current output pins. Normally connect to 
AVss. 
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Absolute Maximum Ratings Ta = 25°C Thermal Information 
SUB VOMAGG, WIG. vince ek a cand eas ce ewenne enone wan Ks 7.0V Thermal Resistance (Typical, Note 7) Oya (CCW) 
Input Voltage, Vin. ..-.---- esse eee e eee e eee eee Vpp to Vss MQFP Package ............00ce cece e eee eees 93 
Output Current (for Each Channel), lout........-.--- Oto15mA Maximum Junction Temperature (Plastic Package) ........ 150°C 
: tas Maximum Storage Temperature Range .......... -65°C to 150°C 

Operating Conditions Maximum Lead Temperature (Soldering 10s)............. 300°C 
Supply Voltage (Lead Tips Only) 

PU AN SG &s cen entender Ee es enw eneieud es 4.75V to 5.25V 

Wop: CVSS: ssacicssvccecressesessensawss 4.75V to 5.25V 
Reference Input Voltage, VagfF ..........-e ee eee 0.5V to 2.0V 
Clock Pulse Width 

WAG) hub Keke ned dove needy wets a bewasenaas 10ns (Min) 

LBW 56 6s Kid ecera care w ia ees eds ee He eo ene 88 10ns (Min) 
Temperature Range, Topp......... ee eee eee eens -20°C to 75°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications T, = 25°C, fo. = 50MHz, Vpp = 5V, Rout = 200, Vref = 2.0V 


C_rananeren ———[srwmon | esroowomons [wm [re | wan [unre 

foam Si PO 

fomantowwconsee | wx | id | | | 
LSB 


Linearity Error ey 


Differential Linearity Error LSB 


Output Full Scale Voltage FS 


< 


Output Full Scale Ratio (Note 8) SR For the Equal Gain % 


Output Full Scale Current FS 


Output Offset Voltage 
Supply Current 


Digital Input 
Current 


High Level 


< — mu) 
w” 


fa 


Low Level 


Precision Guaranteed Output Voltage Voc 
Range 


Setup Time 


Hold Time 


Propagation Delay Time 


Glitch Energy | Ge 
Cross Talk For 10MHz Sinewave Output 


NOTE: 


“— Full scale voltage of channel ' | 7 
=: UIE un See nee Average of the full scale voltage of the channels‘ TATOO) 


ae) 
= 
” 
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I/O Correspondence Table (Output Full Scale Voltage: 2.0V) 


INPUT CODE ~ OUTPUT VOLTAGE 


1000000000 
H 


000000000 0 


Timing Diagram 


CLK 


Test Circuits 


HI2307 


CLK 
50MHz 
SQUARE 
WAVE 


IRR TO IRB 
37 TO 39 


n” 
co 
Lu 
a 
o 
Lu 
=> 
= 
O 
O 
< 
— 
a) 


FIGURE 1. MAXIMUM CONVERSION RATE 


10-113 


HI2307 


Test Circuits (continued) 


OSCILLOSCOPE 


DELAY 
CONTROLLER 


VGR TO VGB 


44, 46, 48 
ROR TO ROB 

CLK RCK 43, 45, 47 
50MHz DELAY i VRR TO VRB 
SQUARE CONTROLLER 40 TO 42 
WAVE IRR TO IRB 


37 TO 39 


FIGURE 2. SETUP HOLD TIME AND GLITCH ENERGY TEST CIRCUIT 


ALL a (a 10 


DIGITAL 
WAVEFORM 
GENERATOR 


OSCILLOSCOPE 


HI2307 


VGR TO VGB 


44, 46, 48 - 
— ROR TO ROB _ 
CLK 43, 45, 47 
50MHz 


GCK VRR TO VRB 

40 TO 42 
BCK IRR TO IRB 
37 TO 39 


SQUARE 
WAVE 


FIGURE 3. CROSS TALK TEST CIRCUIT 
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Typical Performance Curves 


z 
E 
~ za 
a Fe} 
= fF 
4 = 
r 2 
7) 
g 8 
5 = 
WwW 
c 
cx 
=) 
Oo 
OUTPUT FREQUENCY (Hz) AMBIENT TEMPERATURE (°C) 
FIGURE 4. OUTPUT FREQUENCY vs CROSS TALK FIGURE 5. CURRENT CONSUMPTION vs AMBIENT 


TEMPERATURE 


FULLSCALE VOLTAGE (V) 


AMBIENT TEMPERATURE (°C) 


FIGURE 6. FULL SCALE VOLTAGE vs AMBIENT TEMPERATURE 
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Application Circuits 


CLOCK INPUT 


HI2307 


B CHANNEL INPUT 


R CHANNEL INPUT G CHANNEL INPUT 


FIGURE 7. GAIN EQUAL 
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Application Circuits (Continued) 


D out ~ ea 0.1,F 
ve ee z fu 
ODOOCOOOCOOOODOOO® —s 


Y ai 


6 
el “2000 SY B, 
=: : 

t e mer = B CHANNEL INPUT 
2002 < g 
m1 65 os 

62) As) 7 DVpp A AVpp 

(63) (18) DVss Wy AVss 

= = rss W 
DODOOCODOOO DOO OOO 


FIGURE 8. GAIN INDEPENDENTLY 


D/A CONVERTERS 
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w HAR HiI2309 


Triple 10-Bit, 50 MSPS, 
August 1997 3-Channel D/A Converter 


Features Description 


¢ Resolution The HI2309 is a triple 10-bit, high-speed, CMOS D/A 
e Maximum Conversion Speed converter designed for video band use. It has three sepa- 

rate, 10-bit, pixel inputs, one each for red, green, and blue 
* RGB 3-Channel Input/Output video data. A single 5.0V power supply and pixel clock input 
Differential Linearity Error : is all that is required to make the device operational. A bias 
Low Power Consumption voltage generator is internal. Each channel clock input can 
(2002 Load for 2Vp.p Output) be controlled individually, or connected together as one. The 


HI2309 also has BLANK video control signal. 
Power Supply 


Low Glitch Ordering Information 


Direct Replacement for Sony CXD2309 SArT rcs 
oo, NUMBER | RANGE (°C) 
Applications 
+ Digital TV 


Graphics Display 

High Resolution Color Graphics 
Video Reconstruction 
instrumentation 

image Processing 

VQ Modulation 


Pinout 


HI2309 (MQFP) 
TOP VIEW 


1) Vrer 


on 


(LSB) RO 
Ri 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
RQ 
Go 
(LSB) G1 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 41 1 8 1 
Copyright © Harris Corporation 1997 10-118 
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Functional Block Diagram 


(LSB) RO (1) cos pee (43) AVss 
CURRENT [—~ RO 


R1 onl 
Pa a 


R3 
om [Jon URREN 
DECODER CURRENT 
7 


DECODER 


a Saray URREN 
Gi CURRENT 


G3 
sss — 
DECODER 


GO 
CELLS  [¢+—}+— “9 
6 LSBs i 
CURRENT 
ae 7 ee oe 
+) as 5 bl 
ad G6) BO 


DECODER 
nas i Sor oe 
B2 a 
+ ae 
B4 41) AVpp 
- | LATCHES 6 LSBs 40) AVpp 
DECODER . | CURRENT 


CELLS [> 


B9 


CURRENTCELLS [. 
(FORFULLSCALE){ si 


BIAS VOLTAGE 
GENERATOR 


ey) 
co 
Lu 
a 
co 
Lu 
> 
z 
O 
oO 
= 4 
= 
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Pin Descriptions 


| PINNO. | SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 
| 1to10 | RO to R9 Digital Input. 


- 
RCLK DVop Clock pin. 
33 BCLK 
@r 
DVss 


A 


Connect an approximately 0.1,.F capacitor. 


Connect a “16R” resistor which is 16 times the 
output resistance “R”. 
Sets an output full scale value. 


Connect an approximately 0.1pF capacitor. 


39 to 41 Analog Vpp. 
—— Current Output. Output can be obtained by 


connecting a resistor (200Q typical). 


Analog GND. 
Digital Vpp. 
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Absolute Maximum Ratings Ty, = 25°C Thermal Information 
MUDDY VONEOR (Vint). vs <csueere caine eee iwaw's sane exw ee 7V Thermal Resistance (Typical, Note 1) Oya (CCW) 
Input Voltage (Vin)... -- ee eee eee eee eee eee eee Vpp to Vss MQFP Package ............ cece cece eeeeees 94 
Output Current (IOUT)... - 6. - eee eee OmA to 15mMA Maximum Junction Temperature (Plastic Package) ........ 150°C 
Storage Temperature a ys Gece te | ORG a Hw ae Sew GG wre -55°C 150°C Maximum Storage Temperature Range he os aut -65°C to 150°C 
Operating Conditions Maximum Lead Temperature (Soldering 10s)............. 300°C 
(Lead Tips Only) 

Supply Voltage 

PV ne AVSG ci cc ccs c es ae cis cssaecewereas 4.75V to 5.25V 

OVO) OV SSanc cbse pecs toiennes cence wena 4.75V to 5.25V 
Reference Input Voltage (VRcF).......-6-.2 eee eee 0.5V to 2.0V 
Clock Pulse Width 

LOE cif ocancad as sve pasawiedoreescewewne seme 10ns (Min) 

OG 50k wore ee ee see ees S04 eee err et ere 10ns (Min) 
Temperature Range (Top,)).......... eee eee ees -20°C to 75°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 6yq is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications — fo. = 50Mbz, Vpp = 5V, R = 2009, Vper = 2.0V, Ta = 25°C 


[_Paraweren ———_—evwaou[ _‘restconomons | MIN | TWP | WAX | UNITS 
OL EO 
MasiminCowenionsoeet | wax | SSSSCSCid |] | 
[eave 
ee 
amuse Covet «ds 
a 
Digital Input Current High Level = |i 

Ls 

Co 

po 

| oe 

[SNF 


Digital Input Voltage 


Precision Guaranteed Output Voltage Range Pe 
[seme dT TC 
| For Royt = 1002, 1Vp.p Output 
| For 10MHz Sine Wave Output 


For 1MHz Sine Wave Output 


Propagation Delay Time 
Glitch Energy | | 
Cross Talk ; 


NOTE: 
2. Output full scale ratio = 


Bvop a7s10525 ce 


Full scale voltage for each channel . ix 100% 
Average of full scale voltage for each channel 
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HI2309 


Test Circuits 


OSCILLOSCOPE 


SQUARE 


OSCILLOSCOPE 


CLK 
50MHz 
SQUARE 
WAVE 


DIGITAL 
WAVEFORM 
GENERATOR 
SPECTRUM 
ANALYZER 


FIGURE 3. CROSS TALK TEST CIRCUIT 
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Test Circuits (Continued) 


OSCILLOSCOPE 


OSCILLOSCOPE 


DELAY 
CONTROLLER 
CLK 
50MHz DELAY 
SQUARE CONTROLLER 
WAVE 
ALL at fie ‘ 
DIGITAL 
WAVEFORM 
GENERATOR § ALL “1” ¢ 
SPECTRUM 
ANALYZER 
CLK 
50MHz 
SQUARE 


WAVE 


” 
je 
Lu 
f= 
[om 
Lu 
> 
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O 
O 
< 
= 
a) 


FIGURE 6. SNR TEST CIRCUIT 
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Application Circuit 


L 


Cc 


= CLOCK INPUT 


7 Y CO OOAVOOOOOES 


R4 Cc B CH INPUT 


LSB 


<q 
Hi 
ue 


G CH INPUT 


cll 


EHH) 


| 
©016,6,6,9,6,6,6,0,0,6,8 


id} R CH INPUT Y 


e When the power supply (AVpp and DVpp is 5.0. 
¢ R1- 200Q. 


e R2=3.3kQ. 
¢ R3 = 3.0kQ. 
¢ R4=2.0kQ. 
* C=0.1pF 


Application circuits shown are typical examples illustrating the operation of the devices. Harris cannot assume responsibility for any problems arising out of the 
use of these circuits or for any infringement of third party patent and other right due to same. 


Typical Performance Curves 


S 20 
Ww ~~ 
co} 2 100 
5 a 
cS) rc 
Oo 1.0 i 
” x 
= O 50 
> = 
So 
SS 
a 
= 
re} 
1.0 2.0 100 200 
REFERENCE VOLTAGE (V) OUTPUT RESISTANCE (Q) 
FIGURE 7. OUTPUT FULL SCALE VOLTAGE vs REFERENCE FIGURE 8. OUTPUT RESISTANCE vs GLITCH ENERGY 


VOLTAGE 
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Typical Performance Curves (Continued) 


1.95 


1.90 


OUTPUT FULL SCALE VOLTAGE (V) 


AMBIENT TEMPERATURE (°C) 


FIGURE 9. OUTPUT FULL SCALE VOLTAGE vs AMBIENT 
TEMPERATURE 


< 
E 50 
za 
je} 
fF 
= 
p> ) 
(7) 
5 40 
oO 
5 
Ww 
ec 
c 
a ] 
oO 

10 

5 5 10 15 20 
OUTPUT FREQUENCY (MHz) 


FIGURE 10. OUTPUT FREQUENCY vs CURRENT 
CONSUMPTION 


Standard Measurement Conditions and 
Description 

Vpp = 5.0V. 

Vrer = 2.0V. 

R = 2009. 

16R = 3.3kQ. 

Ta = 25°C. 

VrerF in Figure 9 is fixed to 2Vpc¢ without resistor dividing. 


Input data in Figure 10 = all “O” and “1” of rectangular wave, 
clock frequency = 50MHz for a total value of three channels. 


Notes On Operation 
Selecting the Output Resistance: 


HI2309 is a current output type D/A converter. To create the 
output voltage, connect the resistor to the current output pin. 


Specifications: 
Output full scale voltage Veg Max = 2.0 [V]. 
Output full scale current Ips Max = 10 [mA]. 


Calculate the output resistance from Ves = IFs x R. Connect 
a resistance sixteen times the output resistance to the refer- 
ence current pin Iperf. In some cases, this value may not 
exist, a similar value can be used instead. 


Note that the Ves will be the following: 
Ves = Vrer X 16 R/R’. 


R is the resistor to be connected to the IO and R’ is the 
resistor to be connected to the Inger. Power consumption 
can be reduced by increasing the resistance, but this will on 
the contrary, increase the glitch energy and data setting 
time. Set the best values according to the purpose of use. 


Correlation Between Data and Clock: 


For HI2309 to display the desired performance as a D/A con- 
verter, the data transmitted from outside and the clock must 
be synchronized properly. Adjust the setup time (ts) and hold 
time (t}4) as specified in “Electrical Characteristics.” 


Vpp; Vss: 


Separate the analog and digital signals around the device to 
reduce noise effects. Bypass the Vpp pin to each GND with 
a 0.1u.F ceramic capacitor as near as possible to the pin for 
both digital and analog signals. 


Latch Up: 


The AVpp and DVpp pins must be able to share the same 
power supply of the board. This is to prevent latch up caused 
by potential difference between the two pins when the power 
is turned on. 


IReEF Pin: 
The Iperf pin is very sensitive to improve the AC 
Characteristics. Pay attention for capacitance component 
not to attach to this pin because its output may become 
unstable. 


VG Pin: 


It is recommended to use a 1p.F capacitor to improve the AC 
Characteristics, though the typical capacitance value 
externally connected to the Vg Pin is 0.1pF. 
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@ HARRIS Hi2315 


10-Bit, 80 MSPS D/A Converter 


August 1997 (Ultra-Low Glitch Version) 

Features Description 

* THIGUGHNDUL RAI cc ci ccccnesadeswsncewaeme 80MHzZ The HI2315 is a 10-bit, 80MHz, high speed, low power CMOS 

© Low POWE oh i faccvecessvav sree scinene nas 150mw D/A converter. The converter incorporates a 10-bit input data 
register with current outputs. The HI2315 includes a power 

¢ Single Power Supply ..........2seeeeeeeeeeees +5V down feature that reduces power consumption and a blanking 

© Differential Linearity Error ............... +0.5 LSB control. The on-chip bandgap reference can be used to set the 
output current range of the D/A. 

e TTL/CMOS Compatible Inputs 

¢ Built in Bandgap Voltage Reference Ordering Information 


e Power Down and Blanking Control Pins 
¢ Low Glitch 

e Pin Compatible with Sony CXD2306 
Direct Replacement for Sony CXD2315Q 


PART TEMP. 
NUMBER RANGE (°C) 


HI2315JCQ -20 to 75 32LdMQFP- | Q32.7x7-S 


Applications 

e Wireless Communications 

e Direct Digital Frequency Synthesis 

e Signal Reconstruction 

¢ Test Equipment 

¢ High Resolution Imaging and Graphics Systems 


Pinout 
HI2315 


XN = 
QO a 
Hl 


D3 1@ 10 
D4 2 ire) 
D5 3 VG 
D6 4 AVop 
D7 5 AVpp 
D8 6 VREF 
D9 (MSB) 7 SREF 

NC 8 | 

9 REF 

ene Seaeaeaee 

“xs«MiwWOoO Aa 4 oO 

a 
3 a Is z > > 2 za 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


File Number 4119.1 
Copyright © Harris Corporation 1997 10-126 
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Functional Block Diagram 


{J mente 
DECODER 5 


oO 
é 
~~ 
~~ 
— 


(6) DECODER 
oa 


GENERATOR 


Pin Descriptions 


| PINNO, SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


30 to 32 DO to D9 Digital Input. 
1to7 


Blanking pin. No signal (OV output) at high and 
output state at low. 


Connect a capacitor of approximately 0.1F. 


Clock pin. 
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Pin Descriptions (continued) 


oe SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


Current Output pin. Output can be retrieved by 
connecting resistance. The standard is 2000. 


Inverted Current Output pin. Connect to GND 
normally. 


Chip Enable pin. No signal (OV output) at high makes 
power consumption minimum. 


Independent Constant-Voltage Source Output pin 
using band gap reference. Stable voltage 
independent of the fluctuation for supply voltage can 
be obtained by connecting to Vpagr. See Application 
Circuit 2 for details. 
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Absolute Maximum Ratings Ty = 25°C Thermal Information 
SUPP VONAGE (VOD) is csscndearsnectacacasesisownnsage 7V_ Thermal Resistance (Typical, Note 1) 8 ya (CC/W) 
Input Voltage (Vij) .....-- eee eee eee Vsg -0.5V to Vpp + 0.5V MQFP Package ..........00. cece cece eee eees 122 
Output Voltage (lout)... ++ --- sees e eee een nee OmA to 15mA Maximum Junction Temperature (MQFP Package) ........ 150°C 
: ta Maximum Storage Temperature Range .......... -65°C to 150°C 

Operating Conditions Maximum Lead Temperature (Soldering 10s)............. 300°C 
Supply Voltage (MQFP - Lead Tips Only) 

BND; AVES ss cc os stern ei tence sandy Gy ewes 5.0V +0.25V 

OM iis VEG: 604 steieeedexeeyaateragdsewones 5.0V +0.25V 
Reference Input Voltage (VReF).........-..000 eee 0.5V to 2.0V 
Clock Pulse Width (tpw1, tpwo)....----.-- eee eee 6.25ns (Min) 
Temperature Range (Topr)......-.-:e seen eens -20°C to 75°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications T, = 25°C, fo. « = 80MHz, Vpp = 5V, R = 200Q, Vper = 2.0V, 16R = 3.3kQ 
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Digital Input Voltage 
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HI2315 


Test Circuits 


OSCILLOSCOPE 


CLK 

80MHz (M 
SQUAR 
WAVE 


OSCILLOSCOPE 


FREQUENCY 
DEMULTIPLIER 


CLK 


ws 
WAVE 


OSCILLOSCOPE 


FIGURE 4. SETUP HOLD TIME AND GLITCH ENERGY TEST CIRCUIT 
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HI2315 


Timing Diagram 
1 tpwi: tpwo: TABLE 1. /O CORRESPONDENCE TABLE 
pa \ (2.00V Output Full Scale Voltage) 


INPUT CODE OUTPUT VOLTAGE 
MSB LSB 
TT TTLT1t1t41464 «4 


100000000 0 


000000000 0 


A AVpp ~~? DVpp 
Vv AVss +7 DVss 


“CLOCK INPUT 


NOTE: 


2. When 5.0V supply voltage (DVpp and AVpp). Digital input from pins 30 to 32 and pins 1 to 7. Pin 18 is Left Open When Using Normally. 


R1 = 200Q, R2 = 3.3 (Resistance 16 Times R1), R3 = 3.0kQ, R4 = 2.0kQ, C = 0.1pF. 


FIGURE 5. APPLICATION CIRCUIT 1 
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HI2315 
Typical Application Circuits (continued) 


4 AYpp ~f DVpp 


RI Ly 7 Vv AVss_t7 DVss 


“CLOCK INPUT 


NOTE: 
3. When 5.0V supply voltage (DVpp and AVpp). Digital input — pins 30 to 32 and pins 1 to 7. R1 = 200, R2 = 2.0kQ, C= 0, TUF. 


FIGURE 6. APPLICATION CIRCUIT 2 


Typical Performance Curves | 


a ee 
= 20 r © 1.95 
Ww 4 
9 ar 
5 
5 4 
soa oO 
rs 10 a“ 1.93 
” : ve a 
= 3 
po] 
ire 
: 3 
5 oO 
° 0 
1.0 2.0 | 
REFERENCE VOLTAGE (V) AMBIENT TEMPERATURE (°C) 
FIGURE 7. OUTPUT FULL SCALE VOLTAGE (Ves) vs FIGURE 8. OUTPUT FULL SCALE VOLTAGE vs AMBIENT 
REFERENCE VOLTAGE (Vp_er) TEMPERATURE 
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Typical Performance Curves (Continued) 


1.25 


Sper OUTPUT VOLTAGE (V) 
a 


AMBIENT TEMPERATURE (°C) 


FIGURE 9. Sper vs AMBIENT TEMPERATURE 
NOTE: 


<= 
E 30 
z= 
© 
B 
= 
—] 
Z 
Oo 20 
oO 
i 
oc 
cc 
=] 
O 

0 

1 10 20 30 40 
OUTPUT FREQUENCY (MHz) 


FIGURE 10. OUTPUT FREQUENCY vs CURRENT CONSUMPTION 


4. Standard Measurement Conditions and Description: Vpp = 5.0V, Vrger = 2.0V, R = 200Q, 16R - 3.3kQ, Ta = 25°C. The temperature 
characteristics of external input data in Figure 10 = all “O” and “1” of rectangular wave; clock frequency = 80MHz. 


GE (Glitch Energy) 


GE, as described in the HI2315, is a spike noise which 
appears synchronizing with the clock falling edge when the 
input data (for 1 to 1024 input) changes to 128, 256, 384, 
512, 640, 768, 896, and 1024. Figure 11 shows the change 
state of GE for the staircase wave output, and Figure 12 


ANALOG OUTPUT (V) 


0 512 1024 
DIGITAL INPUT (V) 


shows the repetitive output waveform where the GE 
appears. These figures exhibit the difference of this IC from 
the convention device. 


The HI2315 reduces the GE as shown in Figures 11 and 12. 


CONVENTIONAL 
DEVICE 


HI2315 


FIGURE 11. CHANGE OF GE FOR STAIRCASE WAVE OUTPUT 
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HI2315 


HI5780 (GE TYP = 200pV/S) 


HI2315 (GE TYP = 10pV/S) 


FIGURE 12. REPETITIVE OUTPUT WAVEFORM WHERE GE APPEARS (FOR 2002, 2Vp.p OUTPUT) 


Notes On Operation 


¢ Selecting the Output Resistance ° 
- HI2315 is a current output type D/A converter. To create 


Latch up 
- The AVpp and DVpp pins must be able to share the 


the output voltage, connect the resistor to the current 
output pin. 


Specifications: 
Output full-scale voltage Ves (Max) = 2.0V 
Output full-scale current Ips (Max) = 10mA 


Calculate the output resistance from Ves = Irs x R. 
Connect a_ resistance sixteen times the output 
resistance to the reference current pin IREeF. In some 
cases, as this value may not exist, a similar value can 
be used instead. 


Note that the Ves will be the following: 

Ves = Vrer x 16 R/R’. 

R is the resistor to be connected to the |O and R’ is the 
resistor to be connected to the IRer. Power consump- 
tion can be reduced by increasing the resistance, but 
this will on the contrary increase the glitch energy and 
data settling time. Set the best values according to the 
purpose of use. 


e Correlation between Data and Clock 


- For the HI2315 to display the desired performance as a 
D/A converter, the data transmitted form outside and the 
clock must be synchronized properly. Adjust the setup 
time (ts) and hold time (ty) as specified in “Electrical 
Characteristics.” 


° Vpp; Vss 


- Separate the analog and digital signals around the 
device to reduce noise effects. By-pass the Vpp pin to 
each GND with a 0.1,.F ceramics capacitor as near to 
the pin as possible for both the digital and analog 
signals. 


10-134 


same power supply of the board. This is prevent latch 
up caused by potential difference between the two pins 
when the power is turned on. 


IREF pin 
- The Iperf pin is very sensitive to improve the AC 


characteristics. Pay attention for capacitance 
component not to attach to this pin because its output 
may become unstable. 


VG Pin 


- It is recommended to use a 1uF capacitor to improve 


the AC characteristics though the typical capacitance 
value externally connected to the VG pin is 0.11F. 


SREF 
- The Sper is independent regulated current source. By 


connecting it to the Vref, stable output amplitudes that 
do not depend on fluctuations in the power supply can 
be obtained. 


In this case, as Veg = Sper X 16R/R’, set the Ves 
according to RP’. 


Do not use this pin as a reference power supply for 
other ICs because this is dedicated for the D/A 
converter. 


FARRIS 


SEMICONDUCTOR 


HI3050 


Triple 10-Bit, 50 MSPS, 
High Speed, 3-Channel D/A Converter 


Ht 


August 1997 


Features 


e Resolution 


Description 


The HI3050 is a triple, 10-bit D/A converter, fabricated in a 
silicon gate CMOS process, ideally suited for RGB video 


© Throughput Rate .........ssscesenccevenes SOMHzZ = applications. 
¢ 3-Channel, RGB, /O The converter incorporates three 10-bit input data registers 
; ' - , with a common blanking capability, forcing all outputs to OmA. 
HesSGAIRS-170 Compalibe Quipuls The HI3050 features low glitch, high impedance current out- 
e Low Power Consumption (Typ) ............. 500mW puts and single 5V supply operation. Low current inputs 
. ' accept standard TTL/CMOS levels. The architecture is a 
Differential Linearity Error ..........++0. 20.5: 96 current cell arrangement providing low differential and integral 

e Low Glitch Energy linearity errors. 
¢ CMOS Compatible Inputs The HI3050 requires a 2V external reference and a set 

resistor to control the output current. The HI3050 also features 
¢ Direct Replacement for Sony CXD2308 a chip enable/disable pin for reducing power consumption 

(<5mW) when the part is not in use. 
Applications The HI3050 can generate RS-343A and RS-170 compatible 
* NTSC, PAL, SECAM Displays video signals into doubly terminated and singly terminated 

—" 75Q loads. 

¢ High Definition Television (HDTV) : . 

Ordering Information 
e Presentation and Broadcast Video 
¢ Image Processing TEMP. 

PART NUMBER | RANGE (°C) 
¢ Graphics Displays 
Pinout 
HI3050 (MQFP) 
TOP VIEW 


RO (LSB) Die AGND 
Ri COMP B 
R2 Vrer OUT B 
R3 COMP G 
R4 Vrer OUTG 
R5 COMP R 
R6 Vrer OUT R 
R7 VREFB 
R8 VREFG 

R9 (MSB) VREFR 

GO (LSB) FS ADJUST B 
G1 FS ADJUST G 
G2 FS ADJUST R 
G3 AGND 
G4 VBIAS 
G5 DGND 
G6 BCLK 
G7 GCLK 
G8 RCLK 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


Copyright © Harris Corporation 1997 
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Functional Block Diagram 


RO (LSB) 


4 LSBs 


$s. 


ROUT 
— 1 
<i LATCHES 
R5 D 


cus «= |] 
ECODER a RCLK 
R6 7 
CLOCK 
GENERATOR | 


R7 Vref OUTR 
R8 


—- DECODER i S (42) VREFR 
CURRENT CELLS F-— —j No 
(FOR FULL SCALE) tT FS ADJUST R 


R9 a 5 
GO (LSB) 4LSBs aoe 
a Tf eat =i} o 


G2 
>. ee 
G4 
LATCHES 
G5 a. | DECODER 
as (1) 


mt oo i= = VreF OUTG 
G8 DECODER i 43) Vrere 
a CURRENT CELLS Fy-}——_ NY 
G9 (FOR FULL SCALE) 7 FS ADJUST G 
BO (LSB) 


6 rm cannes ill one 


6 MSBs 
CURRENT 


en 
> 


. 5 DECODER 
: = DECODER 
Ghani 


VOLTAGE 
GENERATOR 
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Pin Descriptions and Equivalent Circuits 


| PINNO. SYMBOL EQUIVALENT CIRCUIT DESCRIPTION 


DVpp Digital Inputs. 


Output Blanking Input. 
High: Outputs Set to OmA. 
Low: Normal Output Operation. 


Internal Bias Decoupling. 
Connect a 0.1u.F decoupling capacitor 
to DGND. 


Clock Inputs. 
All input pins are TTL/CMOS compatible. 


Analog Ground. 
32 DVpp 
DGND | 


Chip Enable pin. 
54, 55, 58, 59, AVpp ‘Analog Power Supply. - 
62, 63 


High: Part Disabled 
Low: Part Enabled 
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Pin Descriptions and Equivalent Circuits (continued) 


EQUIVALENT CIRCUIT DESCRIPTION 


Reference Output. 
Typically connected to the Reference 
Decoupling inputs (COMP R, COMP G, 
COMP B). See Figures 11 and 12 for 
various configurations. 


SYMBOL 


Vrer OUT R 


> 
N 


Vrer OUT G 


Vref OUT B 


> 


6 COMP R Reference Decoupling. 


Connect a decoupling capacitor (0.1F) 


48 to reduce noise on reference to AVpp. 


COMP G 


COMP B 


FS ADJUST R Full Scale Adjust. 
Typically connect a 1.2kQ resistor, Rset, 
to AGND. Rg.er is used to determine full 


scale output current. 


FS ADJUST G 


41 FS ADJUST B 


eS 
ine) 


Voltage Reference Input. 
Typically set to 2V and determines full 
scale output current. 


VREFR 
VREFG 


VREFB 


VREF 


x 16 
Rset 


or 


Current Outputs. 


oOo 
w® 


Inverted Current Outputs. 


on 
N 


lf fetellfefelafelefelh 
pio] oo] pv 

E ' EEL UC RUCEEEEEL 
eicriciece 
a} 4/4] 45 


= 
w 
Oo 
Cc 
— 


O 

< 
oO 
Oo 


Digital Power Supply. 
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Absolute Maximum Ratings Ty = 25°C 


Digital Supply Voltage, DVpp to DGND.................... +7V 
Analog Supply Voltage, AVpp to AGND................... +7V 
Digital Input Voltages ....................000. DVpp to DGND 
Analog Output Current (lop) « «2-6 sees e eve ence nen ecees 30mA 


Operating Conditions 


Supply Voltage, AVpp, AVss.....- eee eee eee eee 4.75V to 5.25V 
Vip, DVGES ccc censessnc seduces 4.75V to 5.25V 


Thermal Information 


Thermal Resistance (Typical, Note 1) Oya (°C/W) 
MOPrP PACKAGE ..icceicaeceanevetseeeaeeues 80 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


(MQFP - Lead Tips Only) 


Clock Pulse Width (tpw 1, tpwo).-------- eee eee ee eee 10ns (Min) 
Temperature Range (Toppy) .....----. see eee ee es -20°C to 75°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. 8a is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications AVpp = +5V, DVpp = +5V, fo_k = 5OMHz, Ry = 75Q, Vrer = 2V, Roget = 1.2kQ, Ta = 25°C 


SYSTEM PERFORMANCE 
Resolution 

Maximum Conversion Speed 
Integral Linearity Error, INL 
Differential Linearity Error, DNL 
Output Offset Voltage, Vos 

Output Full Scale Ratio Error, Fspe (Note 2) 
Full Scale Output Current, Irs 


Full Scale Output Voltage, Ves 


Output Voltage Compliance Range 
DYNAMIC CHARACTERISTICS 
Glitch Energy, GE 

Settling Time 

Crosstalk 

DIGITAL INPUTS 

Input Logic High Voltage, Vip 


Input Logic Low Voltage, Vj, 
Input Logic Current, Ij} 

Input Logic Current, Ij 

Digital Input Capacitance, Cijy 
TIMING CHARACTERISTICS 
Data Setup Time, tsy See Figure 1 
Data Hold Time, tyitp See Figure 1 
Propagation Delay Time, tpp See Figure 1 
Clock Pulse Width, tpw1, tpwo 

POWER SUPPLY CHARACTERISITICS 


Total Supply Current, Alpp + Dipp 


See Figure 1 


Analog Supply Current, Alpp 
Digital Supply Current, Dipp 


Power Dissipation 


NOTE: 
2. Configured for Common Reference. 


[PARAMETER | _TesTconpmions | WN | Tye | MAX | UNITS 


“Best Fit’ Straight Line 


lout = 13.5mA 


10MHz Output Sine Wave 


— 


r= |___Full'Scale Voltage of Channel 
SRE ~ |Average Full Scale Voltage of All Channels 


=—t 
oO 


Bits 
MSPS 
v 

LS 


jo) 
on 
88) 


ie8) 


Ps 


> 


; ro) 
3 
< 


NTO 


ie) 
oa 


pV/s 


Mauna 
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3 
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> 


- 1] x 100% 
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Timing Diagram 
tpwi1 tpwo 
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FIGURE 1. PROPAGATION DELAY, SETUP TIME, HOLD TIME AND MINIMUM PULSE WIDTH DIAGRAM 


Typical Performance Curves 


CROSSTALK (dB) 


Vpp = 5.0V, fo_k = 50MHz 
Vrer = 2.0V 


SUPPLY CURRENT (mA) 


100K 1M 10M 
OUTPUT FREQUENCY (Hz) AMBIENT TEMPERATURE (°C) 
FIGURE 2. CROSSTALK vs OUTPUT FREQUENCY FIGURE 3. SUPPLY CURRENT vs AMBIENT TEMPERATURE 


SFDR (dB) 
ao 
So 


0.1 10.0 
AMBIENT TEMPERATURE (°C) OUTPUT FREQUENCY (MHz) 
FIGURE 4. FULL SCALE VOLTAGE vs AMBIENT TEMPERATURE FIGURE 5. SFDR vs OUTPUT FREQUENCY 


FULL-SCALE VOLTAGE (V) 
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DAC INPUT/OUTPUT CODE TABLE (NOTE 1) 


INPUT CODE 


NOTE: 
1. Veer = 2.0V, Reet = 1.2K, Rioap = 752. 


Detailed Description 


The HI3050 contains three matched, individual, 10 bit current 
output digital-to-analog converters. The DACs can convert at 
50MHz and run on +5V for both the analog and digital supplies. 
The architecture is a current cell arrangement. 10-bit linearity is 
obtained without laser trimming due to an internal calibration. 


Digital Inputs 


The digital inputs to the HI3050 have TTL level thresholds. 
Due to the low input currents CMOS logic can be used as 
well. The digital inputs are latched on the rising edge of the 
clock. 


To reduce switching noise from the digital data inputs, a 
series termination resistor is the best solution. Using a 50Q 
to 130Q resistor in series with the data lines, the edge rates 
are slowed. Slower edge rates reduce the amount of over- 
shoot and undershoot that directly couples through the lead 
frame of the device. TTL drivers such as the 74ALS or 74F 
series or CMOS logic series drivers, ACT, AC, or FCT, are 
excellent for driving the TTL/CMOS inputs of the converter. 


Clocks and Termination 


The HI3050 clock rate can run to 50MHz, therefore, to minimize 
reflections and clock noise into the part, proper termination 
should be considered. In PCB layout clock traces should be kept 
short and have a minimum of loads. To guarantee consistent 
results from board to board controlled impedance traces should 
be used with a characteristic line impedance. 


To terminate the clock line, a shunt terminator to an AC ground 
is the most effective type at a 50MHz clock rate. Shunt termi- 
nation is best used at the receiving end of the transmission line 
or as close to the HI3050 CLK pin as possible. 


HI3050 
DAC 


FIGURE 6. AC TERMINATION OF THE HI3050 CLOCK LINE 


OUTPUT VOLTAGE 


Rise and fall times and propagation delay of the line will be 
affected by the Shunt Terminator. The terminator can be 
connected to DGND. 


Power Supplies 


To reduce power supply noise, separate analog and digital 
power supplies should be used with 0.1p.F and 0.01uF ceramic 
Capacitors placed as close to the body of the HI3050 as 
possible on the analog (AVpp) and digital (DVpp) supplies. The 
analog and digital ground returns should be connected together 
at the device to ensure proper operation on power up. 


Reference 


The HI3050 DACs have their own references and can be set 
individually, see Figure 13. The three references can also 
share a common reference voltage, see Figure 12. A shared 
reference gives DAC to DAC matching of 1.5%, typically. 


The HI3050 requires an external reference voltage to set the 
full scale output current. The external reference voltage is 
connected to the Vref inputs (VReFR, VRerG, and 
VREFB). The Full Scale Adjust input (FS ADJUST R, FS 
ADJUST G, FS ADJUST B) should be connected to AGND 
through a 1.2kQ resistor, Rser. The reference outputs 
(VReF OUT R, Vraer¢ OUT G, Vaer OUT B) should be con- 
nected to the decoupling input (COMP R, COMP G, 
COMP B) and decoupled to AVpp with a 0.1uF capacitor. 
This improves settling time by decoupling switching noise 
from the reference output of the HI3050. 


The full scale output current is controlled by the voltage 
reference pin and the set resistor (Rset). The ratio is: 
lout (Full Scale) = (VpeF/Rs_Et) X 16, lout is in mA 
Blanking Input 


The BLANK input, when pulled high, will force the outputs of 
all three DACs to OmA. 


Chip Enable 
The chip enable input, CE, will shut down the HI3050 
causing the outputs to go to OmA. The analog and digital 


supply current will decrease to less than 1mA, reducing 
power for low power applications. 


(EQ.1) 
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Outputs 


The HI3050 DAC outputs are complementary current out- 
puts. Current is steered to either Ioyt or lOuT in proportion 
to the digital input code. The current output can be converted 
to a voltage by using a resistor load or I/V converting op 
amp. If only one output of a converter is being used, the 
unused output can be connected to ground or to a load 
equal to the used output. The output voltage when using a 
resistor load is: 


Vout = lout x Rout (EQ. 2) 


The compliance range of the outputs is from OV to +2.5V. 


To convert the output current of the D/A converter to a volt- 
age a load resistor followed by a buffer amplifier can be used 
as shown in Figure 5. The DAC needs a 75Q termination 
resistor on the lout pin to ensure proper settling. 


HI3050 
DAC 


FIGURE 7. HIGH SPEED CURRENT TO VOLTAGE CONVERSION 


Glitch 


The output glitch of the HI3050 is measured by summing the 
area under the switching transients after an update of the 
DAC. Glitch is caused by the time skew between bits of the 
incoming digital data. Typically the switching time of digital 
inputs are asymmetrical meaning that the turn off time is 
faster than the turn on time (TTL designs). Unequal delay 
paths through the device can also cause one current source 


to change before another. To minimize this, the Harris 
HI3050 employs an internal register, just prior to the current 
sources, that is updated on the clock edge. 


In measuring the output glitch of the HI3050, the output is 
terminated into a 75Q load. The glitch is measured at the 
major carries throughout the DACs output range. 


HI3050 
lout 


502Q 


FIGURE 8. GLITCH TEST CIRCUIT 


The glitch energy is calculated by measuring the area under 
the voltage-time curve. Figure 9 shows the area considered 
as glitch when changing the DAC output. Units are typically 
specified in picoVolt/seconds (pV/s). 


V 


“ite laietats HEIGHT (H) 


WIDTH (W) T (ps) 


GLITCH AREA = 1/2 (H X W) 


FIGURE 9. GLITCH ENERGY 


Test Circuits 


10-BIT 
COUNTER 
WITH LATCH 


CLK 
50MHz 
SQUARE WAVE 


OSCILLOSCOPE 


FIGURE 10. MAXIMUM CONVERSION SPEED TEST CIRCUIT 
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Test Circuits (Continued) 


10-BIT 
COUNTER 
WITH LATCH 


OSCILLOSCOPE 


DELAY 
CONTROLLER 


CLK 
50MHz 
SQUARE WAVE 


FIGURE 11. SETUP HOLD TIME AND GLITCH ENERGY TEST CIRCUIT 


ALL “4 ” 


DIGITAL 
WAVEFORM 
GENERATOR 


OSCILLOSCOPE 


CLK 
50MHz 


SQUARE WAVE 


FIGURE 12. CROSSTALK TEST CIRCUIT 
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Applications Circuits 


uF 


ree 
we [nc | No NC ae 
ROUT ¢ sintintiaiatalsiatatatisiv sisisiate 
i ia ara cicia aia 
ad — 


“d; PLL. clock input 
ata 


B CHANNEL INPUT 


T A¥00 Toro 
bane Digi 


R CHANNEL INPUT G CHANNEL INPUT 


FIGURE 13. COMMON VOLTAGE REFERENCE 


1k2 
V S1kQ 
\/ 
1k 
\/ 
\/ 
0.7] 0.1 
i oe T ‘- 04] PLL cLock wweur 


ROUT ¢ anudatunaddccs anne 
3 3 504948 47 46.45444342 41 40309637 36353459 
a 


B CHANNEL INPUT 


TT avo T ovo 
bin | DGND 


R CHANNEL INPUT G CHANNEL INPUT 


FIGURE 14. INDEPENDENT REFERENCES 
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Definition of Specifications 


Integral Linearity Error, INL, is the measure of the worst 
case point that deviates from a best fit straight line of data 
values along the transfer curve. 


Differential Linearity Error, DNL, is the measure of the 
step size output deviation from code to code. Ideally the step 
size should be 1 LSB. A DNL specification of 1 LSB or less 
guarantees monotonicity. 


- Crosstalk, is the undesirable signal coupling from one 
channel to another. 


Feedthrough, is the measure of the undesirable switching 
noise coupled to the output. 


Output Voltage Full Scale Settling Time, is the time 
required from the 50% point on the clock input for a full scale 
step to settle within an "fp LSB error band. 


Output Voltage Small Scale Settling Time, is the time 
required from the 50% point on the clock input for a 100mV 
step to settle within an "fp LSB error band. This is used by 
applications reconstructing highly correlated signals such as 
sine waves with more than 5 points per cycle. 


Glitch Energy, GE, is the switching transient appearing on 
the output during a code transition. It is measured as the 
area under the curve and expressed as a Volt-Time 
specification. 


Differential Gain, DG, is the peak difference in chrominance 
amplitude (in percent) at two different DC levels. 


Differential Phase, DP, is the peak difference in 
chrominance phase (in degrees) at two different DC levels. 


Signal to Noise Ratio, SNR, is the ratio of a fundamental to 
the noise floor of the analog output. The first 5 harmonics 
are ignored, and an output filter of "op the clock frequency is 
used to eliminate alias products. 


Total Harmonic Distortion, THD, is the ratio of the DAC 
output fundamental to the RMS sum of the harmonics. The 
first 5 harmonics are included, and an output filter of "fp the 
clock frequency is used to eliminate alias products. 


Spurious Free Dynamic Range, SFDR, is the amplitude 
difference from a fundamental to the largest harmonically or 
non-harmonically related spur. A sine wave is loaded into the 
D/A and the output filtered at "fp the clock frequency to 
eliminate noise from clocking alias terms. 


intermodulation Distortion, IMD, is the measure of the 
sum and difference products produced when a two tone 
input is driven into the D/A. The distortion products created 
will arise at sum and difference frequencies of the two tones. 
IMD is: 


IMD = 20 Log (RMS of Sum and Difference Distortion Products) 
~ (RMS Amplitude of the Fundamental) 
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Features 
Maximum Conversion Rate 125 MSPS 
LOW GINGH ENGTQY «is ccciswcvenenen serene 1.5pVes 
Low Power Consumption 400mW (Typ) 
Differential Linearity Error ........ +0.5 LSB or Less 
integral Linearity Error ........... +1.0 LSB or Less 
Data Input Level 


Clock, Reset Input Level: TTL and PECL Compatible 
2:1 Multiplexed Input Function 


"Ip Frequency-Divided Clock Output Possible by the 
Built-In Clock Frequency Divider Circuit 


Voltage Output (502 Load Drive Possible) 
Single Power Supply or +Dual Power Supplies 
¢ Polarity Switching Function of Reset Signal 


Applications 

e LCD 

e DDS 

e HDTV 

¢ Communications (QPSK, QAM) 
e Measuring Devices 


Pinout 


HI3197 


10-Bit, 125 MSPS D/A Converter 


Description 


The HI3197 is a high-speed D/A converter which can per- 
form the multiplexed input of the two system 10-bit data. The 
maximum conversion rate achieves 125 MSPS. The multi- 
plexed operation is possible by the 1/2 frequency-divided 
clock or by halving the frequency of the clock with the clock 
frequency divider circuit having the reset pin in the IC. The 
data input is TTL; the clock input pin and reset input pin can 
select either TTL or PECL according to the application. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 


HI3197 (MQFP) 
TOP VIEW 


YL) AVCC2 
dt J AGND2 


AGND2 LL 
VOCLP 
R POLARITY 
INV 


PS 


DVcc1 
NC 


DGND1 
(MSB) DAQ 
DAB 
DA7 
DAG 


(LSB) DAO CL—]| 


° 
oO 
S 
< 


30 2 


7} DVCC2 


RESETN/E 
RESETP/E 
RESET/T 
CLKNW/E 
CLKP/E 
CLK/T 


DIV2OUT 
DIV2IN 
DBO (LSB) 
DB1 

DB2 

DB3 


(MSB) DB9 (L—_]] ~ 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 4356 
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HI3197 


Block Diagram 


(36) AVcc2 


10-BIT 
Aoutp 


INPUT LATCH 
= LATCH SP WG 
; (31) AQUTN 
DBO TO DB9( 77016 INPUT a 
DIV2IN - 7 5 


Eros “ 
1TO6 
DAOTODAO| 4510 48 (32) 


reser @)—] 
Sp rD Ir 


R POLARITY 


(44) 25) —28) 27) —08)- 61) (0) 9) 


DGND1 DGND2 C1 C2 C3 PS INV VOCLP 
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Absolute Maximum Ratings Ty = 25°C 


Thermal Information 


Supply Voltage (AVcco, AVcc2, DVcc2) .......-.. -0.5 to+7.0V Thermal Resistance (Typical, Note 1) Bya (CC/W) 
PONDS, DENG: csccdocesdieaeden deense ana -7.0 to +0.5V MQFP Package ....... 0.0.0 ccc cece eee ee ees TBD 
tf, eee TE EE EE ECC CTE TTI eT ee reer ere -0.5 to +7.0V Maximum Junction Temperature (Hermetic Package or Die) .. . 175°C 
AVec2-AGND2... 1. eee eee eee eee eee ees -0.5 to +7.0V Maximum Junction Temperature (Plastic Package) ........ 150°C 
Pi een * RGN oso cannes a2eense te sueescwess -0.5t0+7.0V Maximum Storage Temperature Range, Tstg..... -65°C to 150°C 
DVco2-DGND2........ cece eee eee eee -0.5to+7.0V Maximum Lead Temperature (Soldering 10s)............. 300°C 

Input Voltage oe 
Veet PONE 00060 Wee eos sed ew Keen Bae -05 to AVcco + 0.5V 
TIGRIR cusenecsecsecceaeanes DGND1 -0.5 to DVcc + 0.5V 
PECL Pin, ...........0.0e0ee. DGND1 -0.5 to DV; + 0.5V 
Pocatee .Sntwwae kaveeesse pees DGND1 -0.5 to DV¢c 1 + 0.5V 

(Otters), VOOLP ois uccnx cece eones DGND1 -0.5 to DVcc; + 5V 

Power Dissipation, Po «osccscccrcatiandaenssaacssewen 1.4W 
(When mounted on a glass fabric base epoxy board with 76mm x 
114mm, 1.6mm thick) 

Recommended Operating Conditions 

SINGLE POWER SUPPLY MIN TYP ‘MAX DUAL POWER SUPPLY MIN TYP MAX 

AVcco 4.75V 5.0V 5.25V. AVcco -0.05V OV 0.05V 
AVcce2 4.75V 5.0V 5.25V AVcceo -0.05V OV 0.05V 
AGND2 -0.05V OV 0.05V AGND2 -5.50V -5.0V -4.75V 
DVcc1 4.75V 5.0V 5.25V. DVcci1 4.75V 5.0V 5.25V 
DGND1 -0.05V OV 0.05V  DGND1 -0.05V OV 0.05V 
DVcce -4.75V 5.0V 5.25V. DVcco -0.05V OV 0.05V 
DGND2 -0.05V OV 0.05V DGND2 -5.50V -5.0V -4.75V 

INPUT VOLTAGE SYMBOL MIN TYP MAX UNITS 

Analog VsET ‘ AGND2 + 0.7 : AGND2 + 1.03 V 

Digital TTL Pin Vin DGND1 + 2.0 : - V 

| Vit V 
PECL Pin Vin DGND1 + 2.6 - DVcci V 
VIL - Vin - 0.8 Vin - 0.4 V 

PS Vin DGND1 + 2.0 - . V 
VIL - - DGND1 + 0.8 V 

Others VocLp : DGND1 + 2.7 . DVcc1 V 

CLK Pulse Width tpw1 . 4.0 . . ns 

tpwo - 4.0 - : ns 

Maximum Conversion Rate fc 125 - - MSPS 

Load Resistance Ri 50 50 210K Q 

Analog Output Full Scale Ry, 2 10kQ Ves 1.5 2.0 a2 V 

Voltage 

7 R, = 509 Ves 0.75 1.0 1.2 V 

Operating Temperature Ta -20 - 75 "5 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. 8ya is measured with the component mounted on an evaluation PC board in free air. 
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Electrical Specifications Vsyppyy = +5V, Ay = +1, Ri = 1002 


TEST 
PARAMETER SYMBOL CONDITIONS errs UNITS 


RO DR 
Digital Input Current (TTL Pin) re eee ee 


— 
oO 
= 


A 


5 


ly, = 0.8V 10 A 
Digital Input Current (PECL Pin) Ta Vin = DVocy -1.1 yA 
Ne Vit = DVcc1 -1.5 yA 


Digital Input Current (PS) Vin = 2.0V or more 


% 


Ne Vit = 0.8V or less 


¥ 


Clamp Pin Input Current (VOCLP) V=DVcc1 


5 = 


V=2.7V 


© 
z 


Oo 


Digital Input Capacitance 


Digital Output Voltage (DIV2OUT) 


< 


OH IOH = -2mMA 


VoL lo. = 1mA 


Vrer Pin Voltage VREF lIREF = 1MA AGND2 +1.16 | AGND2 +1.20 | AGND2 +1.24 


an 
°o 


Analog Output Voltage Ves Ry, = 50Q 


Ry 2 10k 7 


or 
= 
Oo 
— 


(oe) 


Compliance Voltage 


Output Zero Offset Voltage R, = 50Q 


< 


VoF 
Ry = 10kQ 


< 


Output Resistance 


Output Capacitance 


oO 
O 


O 


no] 


Absolute Amplitude Error EG Vrs =1V 


—s 


Ni : : 
oOo Oo 


+10 % of FS 


Absolute Amplitude Error TCG 
Temperature Characteristics 


% of FS/°C 


Current Consumption 10 


3 


Maximum Conversion Rate 


ie) 


le 
.?) 


Analog Output 


Rise Time 


tb 


Ry = 50Q 
Fall Time 


Settling Time tseT 


G) 
m 


ll 
NO 


Glitch Energy pVeS 
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Pin Descriptions 


oe [= | ee 
SYMBOL POWER SUPPLY POWER SUPPLIES DESCRIPTION 

17 DIV2IN TTL TTL 
z 


DIV2OUT 


: 


CLKP/E PECL PECL PECL Clock Input. 


ine) 
— 


PECL 


mm 
a 
m 
mm 
m 
z 

5 
m 
mm 
m 
z 

z 


: 


PECL 


nm 
ie) 


PECL 


oO 


= 


Le) 
N 


| 3 


on 
oO 


SV (Typ) 
AVcco - Ves 


AVcco - Ves 


oO 


AGND2 + 1.2V 
35 


oi 
oO 


Ww 
N 


fo) 


Clamp Voltage 


wo 


9 


Ale\z 


> 
(ee) 
oi 


io) 
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Pin Descriptions and I/O Pin Equivalent Circuits 


TYPICAL 
VOLTAGE 
SYMBOL LEVEL EQUIVALENT CIRCUIT DESCRIPTION 
1to6 DAO to DA9 Side A Data Input. 
45 to 48 


TIL 
DBO to DAQ ; TTL Side B Data Input. 
DIV2IN /> Frequency-Divided Clock 
Input. Use this pin for 
MUX.1A or MUX.2 mode. 
Leave open for other modes. 
DGND1 

DIV2OUT /> Frequency-Divided Clock 
Output. The signal with the 
"fp frequency divided clock 
(DIV2OUT) is output for 
MUX.1A mode. Leave open 

for other modes. 

CLK/T 


Pins 20 and 21 open. 


CLKP/E Clock Input. Use this pin 
when the clock is input in 
PECL level. At this time, 
leave Pin 19 open. 


CLKN/E CLKP/E Complementary 
Input. When left open, this 
pin goes to the threshold 
potential. Operation is pos- 
sible only with CLKP/E, but 
complementary input is rec- 
ommended to attain fast 
and stable operation. 
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19 Clock Input. Use this pin 
when the clock is input in the 
TTL level. At this time, leave 
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Pin Descriptions and I/O Pin Equivalent Circuits (continued) 


TYPICAL 
VOLTAGE 
SYMBOL LEVEL EQUIVALENT CIRCUIT DESCRIPTION 


; RESET/T 7 Reset signal input. When 


the multiple HI3197 are op- 
| 23 RESETP/E ra] PECL 


erated at a time for MUX.1A 
RESETN/E . PECL 


or MUX.1B mode, the start 
Single Power 
Supply: GND Dual 
Power Supplies: 


timing of the internal '/> fre- 
quency _ divider __ circuits 
should be matched. 

At this time, the reset signal 
is used; when the reset sig- 
nal is the TTL level, Pin 22 is 
used and Pins 23 and 24 are 
left open. When the reset 
signal is the PECL level, 
Pins 23 and 24 are used and 
Pin 22 is left open. For the 
PECL level, operation is 
possible only with RE- 
SETP/E as with the case for 
the clock. The reset signal 
polarity can be set by Pin 39 
(RPOLARITY). Leave the 
reset pin open when the oth- 
er modes are used. 


Digital Power Supply. 


Function setting. 


Single Power 
Supply: +5V Dual 
Power Supplies: 
GND 


a Analog Oulu Power Sippy 


OUTN ia D/A Negative Output. The 


inversion of the D/A positive 
“ AOUTP ° AVcco - Ves 


Digital Power Supply. 


output pin is output. Termi- 
nate the inversion without pin 
with 50Q when the inversion 
output is not used and the 
positive output is terminated 
with 50Q. 


D/A positive output. 
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Pin Descriptions and I/O Pin Equivalent Circuits (Continued) 


TYPICAL 
VOLTAGE 
SYMBOL LEVEL EQUIVALENT CIRCUIT DESCRIPTION 
Single Power Analog Ground. 
Supply: GND 
Dual Power 
Supplies: -5V 


AGND +1.2V Analog Reference Voltage 
Output. 


AVcc2 


AGND2 


AGND 2 + 0.7V to 
AGND2 + 1.03V 


Full scale adjustment. 


Single Power _ Analog Power Supply. 
Supply: +5V 

Dual Power 

Supplies: GND 


Single Power 
Supply: GND 
Dual Power 

Supplies: -5V 


Analog Power Supply 


Clamp Voltage TTL Output High Level 
Clamp. The TTL level signal 
is output from the DIV2ZOUT 
pin for MUX.1A mode. The 
TTL high level voltage is 
clamped to the value ap- 
proximately equivalent to the 
voltage supplied to this pin. 
Leave the VOCLP pin open 
for other modes. 


P Polarity Reset signal polarity switch- 
ing. At high level, the reset 
polarity is active high; at low 


level, active low. 
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Pin Descriptions and I/O Pin Equivalent Circuits (continued) 


TYPICAL 
VOLTAGE 
SYMBOL LEVEL EQUIVALENT CIRCUIT DESCRIPTION 
Analog Output polarity inver- 


DVcci sion. The analog output is 
inverted at low level. 


Power saving. Power saving 
at low level. Normally pull up 
the PS pin to high level as 
this pin is open low. 


DGND1 


ae [ves | fd SOSCSCSCSSSSSSCSCSCSCSCS CS ita Pr Sc 
OO 
[a [panos [pow J ita run 
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Description of Operation 


CLK ec 
RESET © 
(INTERNAL) 
DIV2OUT ¢ 
DIV2IN © 
INPUT DATA A ¢ 
LATCH AND 2 ANALOG OUT 
DRIVER 
INPUT DATAB ¢@ 
FIGURE 1A. BLOCK DIAGRAM (MUX.1A MODE) 
CLK 
] 
ty-RESET 0 1 2 3 a 
Se § BeGneseemaiggeaewmwemBagegeg@gpmeeBatewmeeaegPmgeegagem@aienpmaeeaeeBateertneese & Bente & 

— [—~ ACTIVE HIGH , : 

> —— l 

CLK/2 D-FF OUT , 

(INTERNAL) 

| 

DIV2OUT i 

TO 1 
DIV2IN 


INPUT DATAA UA PY — NSA NAA N+ 2 A N+ 4s KAMA Ne 


INPUT DATAB = WK —NS A — NSA N+ 1 A N+ 3 A N+ 5) RAY ONY? 
I 


FIGURE 1B. TIMING CHART (MUX.1A MODE) 


”) 
o 
Lu 
po 
o 
Lu 
> 
= 
O 
O 
< 
= 
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Description of Operation (continued) 


CLK ¢ 
RESET © 
(INTERNAL) 
— » ANALOG OUT 
FIGURE 2A. BLOCK DIAGRAM (MUX.1B MODE) 
CLK 


tH-RESET |, , 2 
_—_—— 


a | (ACTIVE HIGH) Pee Se Se SAAS eR 


RES 
(ACTIVE HIGH) e 


<_ 
| 
CLK/2 
(INTERNAL) 
— , 


FIGURE 2B. TIMING CHART (MUX.1B MODE) 
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Description of Operation (continued) 


CLK ¢ 
DIV2IN ¢ 
INPUT DATA A ©O——JINPUT LATCH A 
lta 2 ANALOG OUT 
INPUT DATA B ©——JINPUT LATCH B 


FIGURE 3A. BLOCK DIAGRAM (MUX.2 MODE) 


it 
iS H . ' 


| 
| 
Ms DATAA N-2 MAN RAN? Ns ANN 
I 
‘iaiiahas CONES WN 3 eA Ne WN +7 A N98 


—— ! DATA B 


CLK/2 . ! DATA A 
(INTERNAL) SLATCH LATCH ty bo 


@ Tey YC 
© EXEC 


N+5 


FIGURE 3B. TIMING MODE (MUX.2 MODE) 
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Description of Operation (continued) 


CLK ¢ 


C2 


INPUT DATAA ¢ 


INPUT LATCH A 
INPUT LATCH B 


FIGURE 4A. BLOCK DIAGRAM (SELE.A SELE.B MODE) 


ANALOG OUT 
INPUT DATAB ¢ 


CLK 


tH ts 


; pb a tl a 

C2 1 1 
1 ts ty, 
| 
' 


a | 


I 
ASV VIVA ASV VV V/V ¢, 
weuroaraa no? MOOK 8s MOO 8-2) MO MO ME ee KE 
f, 7, 
weuroaras W-7 MOK §-*¢ MOO 8-2 MOO) MO MO KE 


C2 M/S OUT SELE. A / SELE. B 


N+7 


FIGURE 4B. TIMING CHART (SELE.A SELE.B MODE) 
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Application Circuit 


The circuit shown below is the basic circuit when the analog output is terminated with the external resistance of 50Q in the 
dual +5V power supplies for MUX.2 mode. 


The analog output full scale voltage Ves is obtained with the following equation: 


R = Ro/Ri 
V Ro = Output impedance = (50Q 
Ves = SET x(15 + 82)xR ol eich casacdanenen 
375 64 R, = External termination resistance 
R2 


Here, VseT = RT+ Re “REF 
(R1 + R2>1.2kQ) 


-5V(A) 


- ov(A) 


ov(A) 
R2 
-5V(A) 
-5V(A) 
+} ov) 
RAM 
. (0) 
LATCH ov(A) 
® OV(A) 
ETC. : 
ov?) OV(A) 
-5V(D) 


a 

moe . Lf -~— 1? 
>. 
pecccck J LELEL—ys=2e 
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“= 
tt SEMICONDUCTOR HI3338 
August 1997 8-Bit, CMOS R2R D/A Converter 
Features Description 
e CMOS Low Power (Typ).......2..eeeeeeuees 100mW_~ The HI3338 family are CMOS high speed R2R voltage 


R2R Output, Segmented for Low “Glitch” 
CMOS/TTL Compatible Inputs 


output digital-to-analog converters. They can operate from a 
single +5V supply, at video speeds, and can produce 
“rail-to-rail” output swings. Internal level shifters and a pin for 


¢ Fast Settling (Typ) ................. 20ns to '/) LSB an optional second supply provide for an output range below 
e Feedthrough Latch for Clocked or Unclocked Use Ggital ground. 
¢ Accuracy (Typ).........ccesecececeeeees +0.5LSB The data complement control allows the inversion of input 
data while the latch enable control provides either 
* Data Complement Control feedthrough or latched operation. Both ends of the R2R lad- 
e High Update Rate (Typ)..............eeeees 50MHz_ der network are available externally and may be modulated 
e Unipolar or Bipolar Operation for gain or offset adjustments. In addition, “glitch” energy has 
been kept very low by segmenting and thermometer encod- 

¢ Linearity (INL): ing of the upper 3 bits. 

* HISSSSRIP sccvccavccnessacenrasneews +0.75 LSB The: HIG83e ie nanuladiured to give Tow dynamic pawar 

Ww 

= ENSOIIE scttnarseeas anne n naar aii 40.75 LSB dissipation, low output capacitance, and inherent latch-up 
Aupllcations resistance. 

PP Ordering Information 
¢ TV/Video Display 
. Hi ill TEMP. 

High Speed Oscilloscope Display 
e Digital Waveform Generator 
¢ Direct Digital Frequency Synthesis HissseKiP-_— | -40to85 | 16Ld PDIP E163 
Pinout 

HI3338 
(PDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


Copyright © Harris Corporation 1997 


File Number 4134.1 
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Functional Diagram 


16 
Vop ° 


=? | Ru 
comp | > ; 
an 


LEVEL 
eG SHIFTERS 


s FEEDTHROUGH 


LATCHES 


wma 
ma 
a 
ee 
i 


Vss 


Die Characteristics 
DIE DIMENSIONS: 

2,740um x 3,310um x 530 +50um 
METALLIZATION: 


Type: Al with 0.8% Si 
Thickness: 11kA +1 


GLASSIVATION: 


Type: 3% PSG 
Thickness: 13kA +2.6kA 
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Absolute Maximum Ratings Thermal! Information 

DC Supply-Voltage Range ................. eae -0.5V to+8V Thermal Resistance (Typical) Qya (CCW) 
(Vpp - Vss OF Vpp - Vee, Whichever Is Greater) PDIP Package ......... cece cece ence eeeees 90 

Input Voltage Range SOIC Package.......... 0c eee eee eee ees 100 
Digital Inputs (LE, COMP DO - D7)....Vgg-0.5V to Vpp+0-5V Maximum Junction Temperature............. 000. e eee 150°C 
Analog Pins (VReF+, VREF-» VouT)---- Vop - 8V toVpp +9.5V Maximum Storage Temperature Range, Tstg ..... -65°C to 150°C 

DC Input Current Maximum Lead Temperature (Soldering 10s)............. 300°C 
Digital Inputs (LE, COMP, DO-D7).................. +20mA (SOIC - Lead Tips Only) 

Recommended Supply Voltage Range.............. 4.5V to 7.5V 


Operating Conditions 
Temperature Range (Ta) .........eee eee ee eens -40°C to 85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Ta = 25°C, Vpp = 5V, Vrert = 4.608V, Vss = Vee = Vrer- = GND, LE clocked at 20MHz, R, 2 1MQ, 
Unless Otherwise Specified 


ACCURACY 


Resolution 


Integral Linearity Error See Figure 4 +0.75 LSB 


Differential Linearity Error See Figure 4 LSB 


Gain Error Input Code = FFyex, See Figure 3 LS 


Offset Error Input Code = O0}jEx, See Figure 3 LSB 


[ 


DIGITAL INPUT TIMING 


Update Rate To Maintain "Yo LSB Settling 


oO 
1) 


MHz 


Update Rate Vrer- = Veg =-2.5V, Vrert = +2.5V DC MHz 


Set Up Time tsy4 For Low Glitch 


Set Up Time tsya2 For Data Store 


Hold Time ty For Data Store 


Latch Pulse Width tw For Data Store 


Latch Pulse Width ty Vrer- = Vee =-2.5V, Vrert = +2.5V 


OUTPUT PARAMETERS FR, Adjusted for 1Vp.p Output 


Output Delay tp, From LE Edge 


Output Delay tps From Data Changing 
Rise Time t, 10% to 90% of Output 


Settling Time ts 10% to Settling to '/> LSB 


it 
iy) 
oO 


Output Impedance Vrert = 6V, Vop = 6V 


Glitch Area 150 


” 


no) 


Glitch Area Vrer- = Veg =-2.5V, Vrert = +2.5V 


TCT 
re 
” 


REFERENCE VOLTAGE 


VREF- +3 


{fr 
1S) 
Oo 
+ 


VREFt - 3 
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Electrical Specifications T, = 25°C, Vpp = 5V, Vrert = 4.608V, Vos = Veg = Vagr- = GND, LE clocked at 20MHz, Ri > 1MQ, 
Unless Otherwise Specified (Continued) 


SUPPLY VOLTAGE 


Static Ipp or lee LE = Low, DO - D7 = High foe | 100 220 
LE = Low, DO - D7 = Low 


Dynamic |pp or leg Vout = 10MHz, OV to 5V Square 
Wave 


Dynamic Ipp OF lEE Vout = 10MHz, +2.5V Square Wave [  * 
Vege Rejection 50kHz Sine Wave Applied po 


DIGITAL INPUTS D0 -D7,LE, COMP 


mV/V 


High Level Input Voltage 
Low Level Input Voltage 


Leakage Current 


a 


Capacitance 


uo 


TEMPERATURE COEFFICIENTS 


NOTE: 
1. Parameter not tested, but guaranteed by design or characterization. 


as 
~ 
oO 


Timing Diagrams 


INPUT 
DATA 


LATCH 
ENABLE 
INPUT DATA = 
tsu1 > 
OUTPUT 
DATA 
Larcy PATCHED FEEDTHROUGH seiaalasd VOLTAGE 
ENABLE 
FIGURE 1. DATA TO LATCH ENABLE TIMING FIGURE 2. DATA AND LATCH ENABLE TO OUTPUT TIMING 
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Pin Descriptions 


R5 DESCRIPTION 


Most Significant Bit. 
Input 
Data 
Bits 


(High = True) 


Ce pamema—— 
a [oe [ieee reaoone 
8 
Od 
[7 [cour ons Corser an a 
8 [ee [Params 


Digital Signal Path 


The digital inputs (LE, COMP, and DO -.D7) are of TTL 
compatible HCT High Speed CMOS design: the loading is 
essentially capacitive and the logic threshold is typically 
1.5V. 


The 8 data bits, DO (weighted 20) through D7 (weighted 27), 
are applied to Exclusive OR gates (see Functional Diagram). 


The COMP (data complement) control provides the second . 


input to the gates: if COMP is high, the data bits will be 
inverted as they pass through. 


The input data and the LE (latch enable) signals are next 
applied to a level shifter. The inputs, operating between the 
levels of Vpp and Vss, are shifted to operate between Vpp 
and Vee. Veg optionally at ground or at a negative voltage, 
will be discussed under. bipolar operation. All further logic 
elements except the output drivers operate from the Vpp 
and Veg supplies. 


The upper 3 bits of data, D5 through D7, are input to a 3-to-7 
line bar graph encoder. The encoder outputs and DO through 
D4 are applied to a feedthrough latch, which is controlled by 
LE (latch enable). 


Latch Operation 


Data is fed from input to output while LE is low: LE should be 
tied low for non-clocked operation. 


are the OFFSET and GAIN errors, 


Non-clocked operation or changing data while LE is low is 
not recommended for applications requiring low output 
“glitch” energy: there is no guarantee of the simultaneous 
changing of input data or the equal propagation delay of all 
bits through the converter. Several parameters are given if 
the converter is to be used in either of these modes: tp2 
gives the delay from the input changing to the output chang- 
ing (10%), while tga and ty give the set up and hold times 
(referred to LE rising edge) needed to latch data. See 
Figures 1 and 2. 


Clocked operation is needed for low “glitch” energy use. 
Data must meet the given tsy; set up time to the LE falling 
edge, and the ty hold time from the LE rising edge. The 
delay to the output changing, tp;, is now referred to the LE 
falling edge. 


There is no need for a square wave LE clock; LE must only 
meet the minimum tw pulse width for successful latch 
operation. Generally, output timing (desired accuracy of 
settling) sets the upper limit of usable clock frequency. 


Output Structure 


The latches feed data to a row of high current CMOS drivers, 
which in turn feed a modified R2R ladder network. 


The “N” channel (pull down) transistor of each driver plus 
the bottom “2R” resistor are returned to Vper- this is the 
(-) full-scale reference. The “P” channel (pull up) transistor 
of each driver is returned to Vrert+, the (+) full-scale 
reference. 


In unipolar operation, Vaer- would typically be returned to 
analog ground, but may be raised above ground (see specifi- 
cations). There is substantial code dependent current that 
flows from Vrer+ to Vrer- (See Vrert+ input current in 
specifications), so Vpaer- should have a low impedance path 
to ground. 


In bipolar operation, VReF- would be returned to a negative 
voltage (the maximum voltage rating to Vpp must be 
observed). Vee, which supplies the gate potential for the 
output drivers, must be returned to a point at least as nega- 
tive as Vr_er-. Note that the maximum clocking speed 
decreases when the bipolar mode is used. 


Static Characteristics 
The ideal 8-bit D/A would have an output equal to VreF- 


with an input code of O0}_E x (zero scale output), and an out- 


put equal to 255/256 of Vrer+ (referred to Vrer-) with an 
input code of FFyry (full scale output). The difference 
between the ideal and actual values of these two parameters 
respectively; see 
Figure 3. 7 


If the code into an 8-bit D/A is changed. by 1. count, the 

output should change by 1/255 (full-scale output-zero scale 
output). A deviation from this step size is a differential linear- 
ity error, see Figure 4. Note that the error is expressed in. 
fractions of the ideal step size (usually called an LSB). Also 
note that if the (-) differential linearity error is less (in 
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absolute numbers) than 1 LSB, the device is monotonic. 
(The output will always increase for increasing code or 
decrease for decreasing code). 


If the code into an 8-bit D/A is at any value, say “N”, the 
output voltage should be N/255 of the full-scale output 
(referred to the zero-scale output). Any deviation from that 
output is an integral linearity error, usually expressed in 
LSBs. See Figure 4. 


Note that OFFSET and GAIN errors do not affect integral 
linearity, as the linearity is referenced to actual zero and full 
scale outputs, not ideal. Absolute accuracy would have to 
also take these errors into account. 


GAIN ERROR 
(SHOWN -) | 
255/256 


s 
was = IDEAL TRANSFER CURVE 
=a == = ACTUAL TRANSFER CURVE 


254/256 


253/256 


OFFSET 
3/256 -F ERROR 
(SHOWN +) 


OUTPUT VOLTAGE AS A FRACTION OF Vper+ - Vrer- 


00 t 01 02 03 FD FE FF 
INPUT CODE IN HEXADECIMAL (COMP = LOW) 


FIGURE 3. D/A OFFSET AND GAIN ERROR 
STRAIGHT LINE 
FROM “0” SCALE 


aaas = IDEAL TRANSFER CURVE 
=== = ACTUAL TRANSFER CURVE 


G 
< 
= 
S 
= INTEGRAL LINEARITY 
o ERROR (SHOWN -) 
5 
° 
A = IDEAL STEP SIZE (1/255 OF FULL 
SCALE -“0” SCALE VOLTAGE) 
B - A= +DIFFERENTIAL LINEARITY ERROR 
P C -A=-DIFFERENTIAL LINEARITY ERROR 
00 INPUT CODE 


FIGURE 4. D/A INTEGRAL AND DIFFERENTIAL LINEARITY 
ERROR 


Dynamic Characteristics 


Keeping the full-scale range (VpaeF+ - VRer-) as high as 
possible gives the best linearity and lowest “glitch” energy 
(referred to 1V). This provides the best “P” and “N” channel 
gate drives (hence saturation resistance) and propagation 
delays. The Vaer+ (and Vrer- if bipolar) terminal should be 
well bypassed as near the chip as possible. 


“Glitch” energy is defined as a spurious voltage that occurs 
as the output is changed from one voltage to another. Ina 
binary input converter, it is usually highest at the most 
significant bit transition (7FHEx to 804E x for an 8-bit device), 
and can be measured by displaying the output as the input 
code alternates around that point. The “glitch” energy is the 
area between the actual output display and an ideal one LSB 
step voltage (subtracting negative area from positive), at 
either the positive or negative-going step. It is usually 
expressed in pV-s. 


The HI3338 uses a modified R2R ladder, where the 3 most 
significant bits drive a bar graph decoder and 7 equally 
weighted resistors. This makes the “glitch” energy at each "/g 
scale transition (1Fyex to 20HEx, 3FHEx to 40yH,Ex, etc.) 
essentially equal, and far less than the MSB transition would 
otherwise display. 


For the purpose of comparison to other converters, the 
output should be resistively divided to 1V full scale. Figure 5 
shows a typical hook-up for checking “glitch” energy or 
settling time. 


The settling time of the A/D is mainly a function of the output 
resistance (approximately 160Q in parallel with the load 
resistance) and the load plus internal chip capacitance. 
Both “glitch” energy and settling time measurements 
require very good circuit and probe grounding: a probe 
tip connector such as Tektronix part number 131-0258-00 
is recommended. 


TABLE 1. OUTPUT VOLTAGE vs INPUT CODE AND Vper 
VREF+ 5.12V | 5.00V | 4.608V 


VREF- 0 0 0 
STEP SIZE 0.0200V | 0.0195V | 0.0180V 


000000015 = O1;4Fx | 0.0200 
000000005 = O0;iFx | 0.0000 
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HI3338 


8 DATA BITS = oo ae Samet des 
= REMOTE 
\ Vout 
+5V 
PROBE TIP sad 
OR BNC 
CONNECTOR 
DIGITAL ANALOG 
GROUND 


GROUND 
— \/ 


[Funeon [connector [mi | @ | | vomen | 
[SscioscopeDeniay [Probe | ea | _eam [wo |W 
[Maicneaacene {enc +f | ro || ow 
[wacn7eacane [excite «| mo] 
[Macnsoacane | eno { sma | 7% | #0 | ow 


NOTES: 


1. VouT(P-P) is approximate, and will vary as Rout of D/A varies. 
2. All drawn capacitors are 0.1pF multilayer ceramic/4.7yF tantalum. 
3. Dashed connections are for unipolar operation. Solid connection are for bipolar operation. 


FIGURE 5. HI3338 DYNAMIC TEST CIRCUIT 


+6V 
4. at TAN 
HI3338 vain UP TO 5 OUTPUT LINES 
i5Tie FOR R = 75Q, 3 LINES 
1-7.9 Vout #12 
, R 
8 DATA +3.00V AT 25mA = . Se Vout! 
0. aM sen ; 
+ 4.7,F ! Vout = + 1-5Vpeak { 
TAN 14 11 mn ‘ Tt 
0.1 pF : b, F " 0 | me : 
ane | 8) 10, v a" VoutN 
1pF CER. = R 


a 
a) 
NOTES: UST 4.7F 


1 ah Vrert pin and 3922 resistor should be bypassed within OFFSET 
"4 inch. “6V 


2. Keep nodal capacitance at CA3450 pin 3 as low as possible. 
3. Vout Range = +3V at CA3450. 


TAN ar 


FIGURE 6. HI3338 AND CA3450 FOR DRIVING MULTIPLE COAXIAL LINES 
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Applications 


The output of the HI3338 can be resistively divided to match 
a doubly terminated 50Q or 75Q line, although peak-to-peak 
swings of less than 1V may result. The output magnitude will 
also vary with the converter's output impedance. Figure 5 
shows such an application. Note that because of the HCT 
input structure, the HI3338 could be operated up to +7.5V 
Vpp and Vr_er+ supplies and still accept OV to 5V CMOS 
input voltages. 


If larger voltage swings or better accuracy is desired, a high 
speed output buffer, such as the HA-5033, HA-2542, or 
CA3450, can be employed. Figure 6 shows a typical applica- 
tion, with the output capable of driving +2V into multiple 50Q 
terminated lines. 


Operating and Handling Considerations 


HANDLING 


All inputs and outputs of CMOS devices have a network for 
electrostatic protection during handling. Recommended han- 
dling practices for CMOS devices are described in AN6525. 
“Guide to Better Handling and Operation of CMOS 
Integrated Circuits.” 


OPERATING 
Operating Voltage 


During operation near the maximum supply voltage limit, 
care should be taken to avoid or suppress power supply 
turn-on and turn-off transients, power supply ripple, or 
ground noise; any of these conditions must not cause the 
absolute maximum ratings to be exceeded. 


Input Signals 


To prevent damage to the input protection circuit, input 
signals should never be greater than Vpp nor less than Vss. 
Input currents must not exceed 20mA even when the power 
supply is off. 


Unused Inputs 


A connection must be provided at every input terminal. All 
unused input terminals must be connected to either Voc or 
GND, whichever is appropriate. 
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HARRIS HI5721 


10-Bit, 125 MSPS, 


aD 


August 1997 High Speed D/A Converter 
Features Description 
¢ Throughput Rate ...............00e eee 125MSPS_ The HI5721 is a 10-bit, 125 MSPS, high speed D/A 


converter. The converter incorporates a 10-bit, input data 


* LOW POWE! sctncensssaneendseeanessiexeoss 7oomW register with quadrature data logic capability and current out- 

e Integral Linearity Error ................... 1.5LSB puts. The HI5721 features low glitch energy and excellent 
frequency domain specifications. 

* Low GIICh ENGrgy ..cecicwenseucvsumiceens 1.5pVes 

¢ TTL/CMOS Compatible Inputs Ordering Information 

¢ Improved Hold Time .............ceeeeeeeee 0.5ns 


-wiwwen | reece | eacxace | to 
NUMBER | RANGE (°C) 

fase | owes _[usror [emo 
rasravoe | owes _[esussocon _|weoa 


Excellent Spurious Free Dynamic Range 


improved Second Source for the AD9721 


Applications 


e Wireless Communications 


¢ Direct Digital Frequency Synthesis 
e Signal Reconstruction 

e HDTV 

¢ Test Equipment 

¢ High Resolution Imaging Systems 


e Arbitrary Waveform Generators 


Pinout 
HI5721 
(PDIP, SOIC) 
TOP VIEW 
D9 (MSB) | 1| 28] DGND 
D8 27] DVEE 
D7 26] CTRL AMP IN 
D6 | 4] 25] REF OUT 
ps5 [5] 24] CTRL AMP OUT 
p4 [6] 23] REF IN 
D3 AVEE 
D2 2i] tour 
D1 | 9) lout 
DO (LSB) [10 19] ARTN 
CLOCK [11 18] AGND 
NC [12 17] Rget 
INVERT /13 16} DVeE 
Voc |14 115] DGND 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3949.5 


Copyright © Harris Corporation 1997 
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Typical Applications Circuit 


+5V 
HI5721 
0.01yF ' 
5 Voc (14) 

D9 D9(MSB)(1) = (23) REF IN 
D8 D8 (2) 

ae p7(3) (24) CTRL AMP OUT 
D6 —4 D6 (4) 

D5 D5 (5) 

D4 D4 (6) 

D3 - D3 (7) 

D2 ——4 D2 (8) 

D1 D1 (9) | 

Do DO (LSB) (10) 

ss INVERT (13) 


DGND (15, 28) 


DVeg (16, 27) 


0.1,F 0.01 LF 0.1pF 
YoY cases ee 


Functional Block Diagram 


QUADRATURE 
LOGIC 
(LSB) DO ¢ —> 
eH 
= THD 
"TED 
™ | al = SLAVE 
an a REGISTER 
|__| 
of Dt 
"| —TEDt- 
ot at Tos] 
(MSB) D9 ind lout 
i | iouT 
> REF IN 
REFERENCE 
§ CTRL AMP 
OUT 


” 
ao 
Lud 
- 
oe 
LJ 
=> 
= 
oO 
O 
< 
= 
Q 


AVee AGND DVee DGND Voc REF OUT Rset CTRL AMP IN 
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Absolute Maximum Ratings 


Digital Supply Voltage Voc to DGND ................... +5.5V 
Negative Digital Supply Voltage DVeg toDGND........... -5.5V 
Negative Analog Supply Voltage AVeg to AGND, ARTN..... -5.5V 
Digital Input Voltages (D9-DO, CLK, INVERT) ....... Vcc to -0.5 V 
Internal Reference Output Current..................... 500A 
Control Amplifier Input Voltage Range............ AGND to -4.0V 
Control Amplifier Output Current ..................08. +2.5mA 
Reference Input Voltage Range................. -3.7 V to AVeE 
Analog Output Current (IoyT) .... 6. eee ee ee eee 30mA 
Operating Conditions 

Temperature AaNGO visu scsavicwesewavacesweas -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) 8ya(CC/W) 
PUIP PACKSOG 6462440 60sccsaesraeenaes weews 55 
BONG PAC fee ab cenrreceendedeeveninese 70 

Maximum Power Dissipation 
PSI ZIE ci eck eees ec dacataddavanaaks ae as dadaws 750mMW 

Maximum Junction Temperature 
FUE Clee cpa niaeetagu eid Chace wee ewedede sade osan es 150°C 

Maximum Storage Temperature Range .......... -65°C to 150°C 

Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. 6ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications AVer¢, DVe¢ = -4.94 to -5.46V, Voc = +4.75 to +5.25V, CTRL AMP IN = REF OUT, 


Ta = 25°C for All Typical Values 


PARAMETER 
SYSTEM PERFORMANCE 
Resolution 
Integral Linearity Error, INL 
Differential Linearity Error, DNL (Note 4) 
Offset Error, los (Note 4) 
Full Scale Gain Error, FSE (Notes 2, 4) 
Offset Drift Coefficient (Note 3) 
Full Scale Output Current, Irs 


Output Voltage Compliance Range (Notes 3, 5) 


DYNAMIC CHARACTERISTICS 
Throughput Rate (Note 3) 
Output Voltage Full Scale Step Settling Time, tsETT Fs 


Output Voltage Small Step Settling Time, tsETT sm 
(Note 3) 


Singlet Glitch Area, GE (Peak Glitch) 
Doublet Glitch Area, (Net Glitch) 


Output Slew Rate 
(Note 3) 


Output Rise Time 
(Note 3) 


Output Fall Time 
(Note 3) 


TEST CONDITIONS 


(Note 4) (“Best Fit” Straight Line) 


—_— 
coil ae 
oOo}; wm 
ro) 


<|uoju 
o 7) 


To +0.5 LSB Error Band R,_ = 50Q (Note 3) 
100mV Step to +0.5 LSB Error Band, Ry. = 50Q 


R_ = 50Q (Note 3) 


Ves 
R,_ = 50Q, DAC Operating in Latched Mode 
Ri = 502, DAC Operating in Latched Mode 675 
R_ = 502, DAC Operating in Latched Mode 470 


HI5721BI 
Ta = -40°C TO 85°C 


TYP | MAX 


UNITS 


+ 
o 
EE 


H 
i=) 
o 


wai - 
wm oO 
no 
Oo} ° — 
hp =e fe) D 
fee) 


5 atta | EE 
Pa C17 lola 

| ae 
gis & 30 nolo 
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Electrical Specifications AVe¢, DVeEg = -4.94 to -5.46V, Voc = +4.75 to +5.25V, CTRL AMP IN = REF OUT, 
Ta = 25°C for All Typical Values (Continued) 


PARAMETER 


Spurious Free Dynamic Range, SFDR to Nyquist 


Spurious Free Dynamic Range, SFDR Within a 
Window 


Signal to Noise Ratio (SNR) to Nyquist 
(Ignoring the First 5 Harmonics) 


Signal to Noise Ratio + Distortion (SINAD) to Nyquist 


Total Harmonic Distortion (THD) to Nyquist 


Intermodulation Distortion (IMD) to Nyquist 


HI5721BI 
Ta = -40°C TO 85°C 


TEST CONDITIONS | MIN | TYP | MAX | UNITS 
foLK = 125 MSPS, foyt = 2.02MHz, 62.5MHz 
Span (Notes 3, 5) 
foLK = 125 MSPS, foyr = 25MHz, 62.5MHz 
Span (Notes 3, 5) 
foLK = 100 MSPS, foyt = 2.02MHz, 50MHz 
Span (Notes 3, 5) 
foLk = 100 MSPS, foyt = 25MHz, 50MHz Span -51 dBc 
(Notes 3, 5) 
foLK = 125 MSPS, fout = 2.02MHz, 2MHz Span -75 dBc 
(Notes 3, 5) 
foLK = 125 MSPS, foyt = 25MHz, 2MHz Span -70 
(Notes 3, 5) 
foLK= 100 MSPS, foyT =2.02MHz, 2MHz Span -75 
(Notes 3, 5) 
foLK = 100 MSPS, fout = 25MHz, 2MHz Span -72 
(Notes 3, 5) 


foLk = 125 MSPS, foyt = 2.02MHz, 
(Notes 3, 5) 


foLK = 125 MSPS, foyt = 25MHz 
(Notes 3, 5) 


fcLK = 100 MSPS, foyt = 2.02MHz, 
(Notes 3, 5) 


foLk = 100 MSPS, foyt = 25MHz 
(Notes 3, 5) 


foLk = 125 MSPS, fout = 2.02MHz, 
(Notes 3, 5) 


foLk = 125 MSPS, foyt = 25MHz 
(Notes 3, 5) 


foLK = 100 MSPS, fout = 2.02MHz, 
(Notes 3, 5) 


foLK = 100 MSPS, foyt = 25MHz 
(Notes 3, 5) 


foLK = 125 MSPS, fout = 2.02MHz, 
(Notes 3, 5) 


foLk = 125 MSPS, foyt = 25MHz 
(Notes 3, 5) 


foLK = 100 MSPS, foyut = 2.02MHz, 
(Notes 3, 5) 


foLk = 100 MSPS, fout = 25MHz 
(Notes 3, 5) 


foLk = 125 MSPS, fouti = 800kHz, 
fouT2 = 900kHz (Notes 3, 5) 


foLK = 100 MSPS, fouti = 800kHz, 
fouT2 = 900kHz (Notes 3, 5) 
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Electrical Specifications AVeg, DV¢Eg = -4.94 to -5.46V, Veco = +4.75 to +5.25V, CTRL AMP IN = REF OUT, 
ww Jo Ta = 25°C for All Typical Values (Continued) | re 


HI5721BI 
Ta = -40°C TO 85°C 


. PARAMETER | TEST CONDITIONS 
- | REFERENCE/CONTROL AMPLIFIER 


(Note 3) con vs 
_| (Note 3) ‘e 


4.0Vp.p Sine Wave Input, to Slew Rate Limited 


1 (Note 3) | 


1.0Vp.p Sine Wave Input, to -3dB Loss (Note 3) 
(Note 3) | | ae 


_ | Reference Input Multiplying Bandwidth | RL = 50Q, 100mvV Sine Wave, to -3dB Loss. at 
, lout (Note 3) 


| DIGITAL INPUTS (D9-D0, CLK, INVERT) — 


oatogerinvote vin id) —SSSSCSC~d A 
outage owvatge.vy ide 
outage corom idt S*d TY 
[roatoacomenty te S*d Pm 
alee Caectron widows ———SSSSSCS~«sC S| 
TIMING CHARACTERISTICS . 

aasetn egy idm dT 
DaaroaTine tao ____—*ideramaowwsy «des | | | 
ED 
cacao wats owes —______[oveFawesnons ———~ip@ few] | w 


POWER SUPPLY CHARACTERISITICS 


2. Gain Error measured as the error in the ratio between the full scale output current and the current through Rs_r (typically 640A). Ideally 
the ratio should be 32. 


3. Parameter guaranteed by design or characterization and not production tested. 


4. All devices are 100% tested at 25°C. 100% productions tested at temperature extremes for military temperature devices, sample tested 
for industrial temperature devices. 


5. Spectral measurements made without external filtering. 
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Timing Diagrams 


D9-D0 
Vv GLITCH AREA = 1/2 (H x W) 
----- HEIGHT (H) 
lout 
WIDTH(W) . t(ps) 
FIGURE 1. FULL SCALE SETTLING TIME DIAGRAM FIGURE 2. PEAK GLITCH AREA (SINGLET) MEASUREMENT 
METHOD 


lout 


FIGURE 3. PROPAGATION DELAY, SETUP TIME, HOLD TIME AND MINIMUM PULSE WIDTH DIAGRAM 


”) 
c 
Lu 
- 
c 
uJ 
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O 
O 
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= 
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Typical Performance Curves 


0 200 


800 1023 


FIGURE 4. INTEGRAL NON-LINERARITY “BEST FIT” 


STRAIGHT LINE 


ATTEN 20dB 
RL -10.0dBm 


AMKR -54.16dB 
25.2MHz 


-5721 
fox = 125 MSPS 
fout = 25 MHZ 


0 200 


400 


DATA CODE 


600 


800 1023 


FIGURE 5. DIFFERENTIAL NON-LINEARITY 


ATTEN 20dB 
RL -10.0dBm 


SFDR = -55.8dBc 


1-5721 
foLk = 125 MSPS 
fout = 2 MHz 


START 0Hz STOP 62.50MHz START 0Hz STOP 62.50MHz 
+RBW 3.0kHz TVBW 1kHz SWP 53.0s TRBW 3.0kHz TVBW 1.0kHz SWP 53.08 
FIGURE 6. SPURIOUS FREE DYNAMIC RANGE TO NYQUIST FIGURE 7. SPURIOUS FREE DYNAMIC RANGE TO NYQUIST 
25MHz FUNDAMENTAL 2MHz FUNDAMENTAL 


Dis 


‘ ' ape CUAL i 48 
0 2 4 6 2 4 6 8 10 12 14 16 18 20 22 24 26 
FREQUENCY (MHz) fout (MHz) 
FIGURE 8. INTERMODULATION DISTORTION FIGURE 9. SPURIOUS FREE DYNAMIC RANGE (TO NYQUIST) vs 
OUTPUT FREQUENCY 
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Typical Performance Curves (Continued) 


| 
76 es ee ee ee 


i SEE tie cali cena 


dBc 


= 
i open = 
68 
es) RE ee 
se64+___ + | | | | | | | | | 
pe RE én 
2 4 6 8 10 12 14 16 18 20 22 24 26 2 4 6 8 10 12 14 16 18 20 22 24 26 
fout (MHz) fout (MHz) 
FIGURE 10. SPURIOUS FREE DYNAMIC RANGE FIGURE 11. SIGNAL TO NOISE RATIO vs OUTPUT FREQUENCY 


(+1MHz WINDOW) vs FREQUENCY 


mm 

i 

a a a 

fs eel ena! 

a ee ee 

i a 

_ 

fo_k = 100 MSPS 

iol 

ae ae 

48 
2 4 6 8 10 12 14 16 #18 20 22 24 26 2 4 6 8 10 12 14 16 18 20 22 24 26 
fout (MHz) fout (MHz) 
FIGURE 12. SIGNAL TO NOISE + DISTORTION vs OUTPUT FIGURE 13. TOTAL HARMONIC DISTORTION vs OUTPUT 
FREQUENCY FREQUENCY 


ERROR (%) 


a 
i = 
me ins 
_|— - 
—— i 
i wail 
oa mi 
eS — 
on a 


-50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 
TEMPERATURE (°C) TEMPERATURE (°C) 
FIGURE 14. GAIN ERROR vs TEMPERATURE FIGURE 15. OFFSET ERROR vs TEMPERATURE 
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Typical Performance Curves (Continued) 


(W) 
So 
a 


0.50 
-50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 


-40 -20 0 20 40 60 80 100 


TEMPERATURE (°C) TEMPERATURE (°C) 
NOTE: Clock Frequency does not alter power dissipation. 
FIGURE 16. REFERENCE VOLTAGE vs TEMPERATURE FIGURE 17. POWER DISSIPATION vs TEMPERATURE 


Pin Descriptions 


1-10 


DO (LSB) Digital Data Bit 0, the Least Significant Bit through Digital Data Bit 9, the Most Significant Bit. 
through D9 
(MSB) 


Data Clock pin 100kHz to 125 MSPS. 
pf NG |Nocomect 


No Connect. 


ss INVERT | Data Invert control for bits DO (LSB) through D8. D9 (MSB) is not affected. 


Voc Digital Logic Supply +5V. 


Digital Ground. 


Complementary Current Output pin. 


-5.2V Analog Supply. 


CTRL AMP _ {Control Amplifier Output. Used to convert the internal reference or an external signal to the precision 
OUT reference current. 
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Detailed Description 


The HI5721 is a 10-bit, current out D/A converter. The DAC 
can convert at 125 MSPS and runs on +5V and -5.2V sup- 
plies. The architecture is an R/2R and segmented switching 
current cell arrangement to reduce glitch and maintain 10-bit 
linearity without laser trimming. The HI5721 achieves its low 
power and high speed performance from an advanced 
BiCMOS process. The HI5721 consumes 700mW (typical) 
and has an improved hold time of only 0.5ns (typical). The 
HI5721 is an excellent converter to be used for communica- 
tions applications and high performance video systems. 


Digital Inputs 


The HI5721 is a TTL/CMOS compatible D/A. The inputs can 
be inverted using the INVERT pin. When INVERT is LOW 
(‘0’) the input quadrature logic simply passes the data 
through unchanged. 


When INVERT is HIGH (‘1’) bits DO (LSB) through D8 are 
inverted. D9 is not inverted and can be considered a sign bit 
when enabling this quadrature compatible mode. The 
INVERT function can simplify the requirements for large sine 
wave lookup tables in a Numerically Controlled Oscillator. 
The NCO used in a DDS application would only have to 
store or generate 90 degrees of information and then use the 
INVERT control to control the sign of the output waveform. 


Data Buffer/Level Shifters 


Data inputs DO (LSB) through D9 (MSB) are _ internally 
translated from TTL to ECL. The internal latch and switching 
current source controls are implemented in ECL technology to 
maintain high switching speeds and low noise characteristics. 


Decoder/Driver 


The architecture employs a split R/2R and Segmented 
Current source arrangement. Bits DO (LSB) through D5 
directly drive a typical R/2R network to create the binary 
weighted current sources. Bits D6 through D9 (MSB) pass 
through a “thermometer” encoder that converters the incom- 
ing data into 15 individual segmented current source enables. 
The split architecture helps to improve glitch while maintaining 
10-bit linearity without laser trimming. The worst case glitch is 
more constant across the entire output transfer function. 


Clocks and Termination 


The internal 10-bit register is updated on the rising edge of the 
clock. Since the HI5721 clock rate can run to 125 MSPS, to 
minimize reflections and clock noise into the part proper termi- 
nation should be used. In PCB layout clock runs should be kept 
short and have a minimum of loads. To guarantee consistent 
results from board to board, controlled impedance PCBs 
should be used with a characteristic line impedance Zo of 50Q. 


To terminate the clock line a shunt terminator to ground is the 
most effective type at a 125 MSPS clock rate. A typical value 
for termination can be determined by the equation: 


Rr=2Zo, 


for the termination resistor. For a controlled impedance 
board with a Zo of 502, the Ry = 50Q. Shunt termination is 
best used at the receiving end of the transmission line or as 
close to the HI5721 CLK pin as possible. 


HI5721 
DAC 


FIGURE 18. AC TERMINATION OF THE HI5721 CLOCK LINE 


Rise and Fall times and propagation delay of the line will be 
affected by the Shunt Terminator. The terminator can be 
connected to DGND. 


Noise Reduction 


To reduce power supply noise, separate analog and digital 
power supplies should be used with 0.1F and 0.01pF 
ceramic capacitors placed as close to the body of the 
HI5721 as possible on the analog (AVeg) and digital (DVeF) 
supplies. The analog and digital ground returns should be 
connected together back at the device to ensure proper 
operation on power up. The Vcc power pin should be decou- 
pled with a 0.1uF capacitor. 


Reference 


The internal reference in the HI5721 is a -1.25V (typical) 
bandgap voltage reference with a 100uV/°C temperature 
drift (typical). The internal reference should be buffered by 
the Control Amplifier to provide adequate drive for the seg- 
mented current cells and the R/2R resistor ladder. Reference 
Out (REF OUT) should be connected to the Control Amplifier 
Input (CTRL AMP IN). The Control Amplifier Output (CTRL 
AMP OUT) should be used to drive the Reference Input 
(REF IN) and a 0.1pF capacitor to analog V- (AVeg). This 
improves settling time by decoupling switching noise from 
the analog output of the HI5721. 


The Full Scale Output Current is controlled by the CTRL 
AMP IN pin and the set resistor (Rsget). The ratio is: 


lout (Full Scale) = (VoTRL amp IN/RgeET) x 32. 
Multiplying Capability 


The HI5721 can operate in two different multiplying 
configurations. First, using the CTRL AMP IN input pin, a 
-0.6V to -1.2V signal can be applied with a bandwidth up to 
1MHz. To increase the multiplying bandwidth, the 0.1pF 
capacitor connected from REF IN to AVeg can be reduced. 


H15721 


-0.6 TO -1.2V 
1MHz (MAX) 


FIGURE 19. LOW FREQUENCY MULTIPLYING CIRCUIT 
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HI5721 


If higher multiplying frequencies are desired, the reference 
input can be directly driven. The analog signal range is -3.3V 
to -4.25V. The multiplying signal must be capacitively cou- 
pled into REF IN onto a DC bias between -3.3V to -4.25V 
(-3.8V typically). 


HI5721 


FIGURE 20. WIDEBAND MULTIPLYING CIRCUIT 


Outputs 


The outputs Ioyt and lOuT are complementary current 
outputs. Current is steered to either Ioyt or lOuT in propor- 
tion to the digital input code. The sum of the two currents is 
always equal to the full scale current minus one LSB. The 
current output can be converted to a voltage by using a load 
resistor. Both current outputs should have the same load 
resistor (64Q typically). By using a 64Q load on the output, a 
50Q effective output resistance (Royt) is achieved due to 
the 227Q (+15%) parallel resistance seen looking back into 
the output. This is the nominal value of the R2R ladder of the 
DAC. The 5022 output is needed for matching the output with 
a 50Q line. The load resistor should be chosen so that the 
effective output resistance (Rout) matches the line 
resistance. The output voltage is: 


Vout = lout x Rout: 

lout is defined in the reference section. The compliance 
range of the output is from -1.5V to +3.0V, with a 1Vp_p 
voltage swing allowed within this range. 


Glitch 
TABLE 1. INPUT CODING vs CURRENT OUTPUT 


Timmins 
fro-o000 0000 + —toze | tome 
Ca 


The output glitch of the HI5721 is measured by summing the 
area under the switching transients after an update of the 
DAC. Glitch is caused by the time skew between bits of the 
incoming digital data. Typically the switching time of digital 
inputs are asymmetrical meaning that the turn off time is 
faster than the turn on time (TTL designs). Unequal delay 
paths through the device can also cause one current source 
to change before another. To minimize this the Harris HI5721 
employes an internal register, just prior to the current 
sources, that is updated on the clock edge. Lastly the worst 
case glitch usually happens at the major transition i.e., 
01 1111 1111 to 10 0000 0000. But in the HI5721 the glitch 
is moved to the 00 0001 1111 to 11 1110 0000 transition. 
This is achieved by the split R/2R segmented current source 
architecture. This decreases the amount of current switching 


at any one time and makes the glitch practically constant 
over the entire output range. By making the glitch a constant 
size over the entire output range this effectively integrates 
this error out of the end application. 


In measuring the output glitch of the HI5721 the output is 
terminated into a 64Q load. The glitch is measured at the 
major carrys throughout the DAC’s output range. 


The glitch energy is calculated by measuring the area under 
the voltage-time curve. Figure 21 shows the area considered 
as glitch when changing the DAC output. Units are typically 
specified in picoVolt * seconds (pV ¢ s). 


HI5721 


FIGURE 21. GLITCH TEST CIRCUIT 


GLITCH ENERGY = (a x t)/2 


FIGURE 22. GLITCH ENERGY 
Applications 


Voltage Conversion of the Output 


To convert the output current of the D/A converter to a 
voltage, an amplifier should be used as shown in Figure 23 
below. The DAC needs a 50Q termination resistor on the 
lout pin to ensure proper settling. The HFA1110 has an 
internal feedback resistor to compensate for high frequency 
operation. 


+5V 


athe... 


1 HFA1110 = 
HI5721 


DAC 


-5.2V 
FIGURE 23. HIGH SPEED CURRENT TO VOLTAGE CONVERSION 
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Bipolar Applications 


To convert the output to a bipolar +2.0V output swing the 
following applications circuit is recommended. The Refer- 
ence can only provide 100u/A of drive, so it must be buffered 
to create the bipolar offset current needed to generate -2.0V 
output with all bits ‘off’. The output current must be con- 
verted to a voltage and then gained up and offset to produce 
the proper swing. Care must be taken to compensate for the 
output voltage swing and error. 


PIN 25 
(HI5721) "doe 


1 R3 
7| HA2705 4, 


PIN 20 
(HI5721) 


FIGURE 24. BIPOLAR OUTPUT CONFIGURATION 


Interfacing to the HSP45106 NCO-16 


The HSP45106 is a 16-bit output, Numerically-Controlled 
Oscillator (NCO). The HSP45106 can be used to generate 
various modulation schemes for Direct Digital Synthesis 
(DDS) applications. Figure 25 shows how to interface an 
HI5721 to the HSP45106. 


Interfacing to the HSP45102 NCO-12 


The HSP45102 is a 12-bit output Numerically Controlled 
Oscillator (NCO). The HSP45102 can be used to generate 
various modulation schemes for Direct Digital Synthesis 
(DDS) applications. Figure 26 shows how to interface an 
HI5721 to the HSP45102. 


This high level block diagram is that of a basic PSK 
modulator. In this example the encoder generates the PSK 
waveform by driving the Phase Modulation Inputs (P1, PO) of 
the HSP45102. The P1-0 inputs impart a phase shift to the 
carrier wave as defined in Table 2. 


TABLE 2. PHASE MODULATION INPUT CODING 


PHASE SHIFT 
(DEGREES) 


The 10 MSBs of the HSP45102 drive the 10-bit HI5721 DAC 
which converts the NCO output into an analog waveform. 
The output filter connected to the DAC can be tailored to 
remove unwanted spurs for the desired carrier frequency. 
The controller is used to load the desired center frequency 
and control the HSP45102. The HI5721 coupled with the 
HSP45102 make an inexpensive PSK modulator with 
Spurious Free operation down to -76dBc. 
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HI5721 


33 MSPS 
CLK 


BASEBAND MOD2 TO RF 
BIT MOD1 | FLTER UP-CONVERT 
STREAM — STAGE 
Ri 
64 
Ai - 
64 
+ 
ss SS DF -5.2V_A 
———.__ -5.2V. 
C1"* 0.01yF A 
CONTROLLER 


5.2V_A V 


F3 -§.2V_D —fYYYi— -5.2V_A 
G3 10H 


HSP45106 


FIGURE 25. PSK MODULATOR USING THE HI5721 AND THE HSP45106 12-BIT NCO 
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BASEBAND 
BIT 
STREAM 


CONTROLLER 


q SFTEN# 
MSB/LSB# 


HSP45102 


TO RF 
FILTER UP-CONVERT 
STAGE 


Ri 


ae ca! gar 8:2V_A 
C AMP OUT = e———_ “5.2V_A 


0.01,F 


-~5.2V_A V 


FIGURE 26. PSK MODULATOR USING THE HI5721 AND THE HSP45102 12-BIT NCO 


Definition of Specifications 


Integral Linearity Error, INL, is the measure of the worst 
case point that deviates from a best fit straight line of data 
values along the transfer curve. 


Differential Linearity Error, DNL, is the measure of the 
step size output deviation from code to code. Ideally the step 
size should be 1 LSB. A DNL specification of 1 LSB or less 
guarantees monotonicity. 


Feedthru is the measure of the undesirable switching noise 
coupled to the output. 


Output Voltage Full Scale Settling Time, is the time 
required from the 50% point on the clock input for a full scale 
step to settle within an "Ip LSB error band. 


Output Voltage Small Scale Settling Time, is the time 
required from the 50% point on the clock input for a 100mV 
step to settle within an "fp LSB error band. This is used by 
applications reconstructing highly correlated signals such as 
sine waves with more than 5 points per cycle. 


Glitch Area, GE, is the switching transient appearing on the 
output during a code transition. It is measured as the area 
under the curve and expressed as a Volt-Time specification. 


Differential Gain, AAy, is the gain error from an ideal sine 
wave with a normalized amplitude. 


Differential Phase, A®, is the phase error from and ideal 
sine wave. 


Signal to Noise Ratio, SNR, is the ratio of a fundamental to 
the noise floor of the analog output. The first 5 harmonics 
are ignored, and an output filter of "fp the clock frequency is 
used to eliminate alias products. 


Total Harmonic Distortion, THD, is the ratio of the DAC 
output fundamental to the RMS sum of the harmonics. The 
first 5 harmonics are included, and an output filter of Ip the 
clock frequency is used to eliminate alias products. 


Spurious Free Dynamic Range, SFDR, is the amplitude 
difference from a fundamental to the largest harmonically or 
non-harmonically related spur. A sine wave is loaded into the 
D/A and the output filtered at "fp the clock frequency to 
eliminate noise from clocking alias terms. 


intermodulation Distortion, IMD is the measure of the sum 
and difference products produced when a two tone input is 
driven into the D/A. The distortion products created will arise 
at sum and difference frequencies of the two tones. IMD is 


IMD = 20log (RMS of sum and difference distortion products) 
~ (RMS amplitude of the fundamental) 
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HI3728 


10-Bit, 125 MSPS, 
Dual High Speed D/A Converter 


Features Description 
* THOUGNDU ale o0ccveaciswntctcceswns 125 MSPS _= The HI5728 is a 10 bit, dual 125 MSPS D/A converter which 
: is implemented in 0.6um CMOS process. Operating from a 
Low Power (Typ).-.---sssececeeeeeceseeees s00mW single +5V supply, the converter provides 20.48mA of full 
e Integral Linearity Error ................05. +1 LSB _ scale output current and includes an input data register. Low 
; glitch energy and excellent frequency domain performance 
* Low Glitch Energy are achieved using a segmented architecture. 
¢ TTL/CMOS Compatible Inputs 
e Excellent Spurious Free Dynamic Range Ordering Information 
Applications TEMP. 
. PART NUMBER | RANGE (°C) 
¢ Wireless Communications 
e Signal Reconstruction 
e Test Equipment 
e High Resolution Imaging Systems 
e Arbitrary Waveform Generators 
Pinout 
HI5728 
(MQFP) 
TOP VIEW 
a2 6 &8 € &&@ 
“O02 fe) fe) Zz aw 
Sa eaL ZL zeLR Ba 
HEAVEQNOAUOQANOUOIN 
(MSB) ip9g CL le . _ ” L___1_} QD9 (MSB) 
ips LL }} 2 | QD8 
ip7 CLF} 3 T 1) QD7 
ine CI }} 4 TP _1_) QD6 
IDs Lj} § r__]_) QD5 
ina CI] 6 -—T) aps 
ID3 (| 7 -—T) ap3 
ip2 CIT} 8 —T) ap2 
ipD1 CI-—]] 9 TT) an 
(LSB) ID0 (-——]}10 -—T-) QD0 (LSB) 
NC CI"lo 13 14 15 16 17 18 19 20 21 23° | NC 
JUUUUUUUUU* 
or SN = ° oN NN 
sees 2 Shes E § 
<oo 8 8 un ftroodgd 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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File Number 


4321 


@ WARS HI5731 


August 1997 12-Bit, 100 MSPS, High Speed D/A Converter 
Features Description 
© THFOUGNDU ALO cc cc cccsssenssvosexane 100 MSPS ___— The _HI5731 is a 12-bit, 100 MSPS, D/A converter which is 


@ tie tenes 650mW implemented in the Harris BICMOS 10V (HBC-10) process. 

eee Operating from +5V and -5.2V, the converter provides 
¢ Integral Linearity Error ..............0085 0.75LSB_ -20.48mA of full scale output current and includes an input 
data register and bandgap voltage reference. Low glitch 


© Low GHIGN ENGIGY ..sccccsesevsanvasansane 3.0pV-s energy and excellent frequency domain performance are 
¢ TTL/CMOS Compatible Inputs achieved using a segmented architecture. The digital inputs 
; are TTL/CMOS compatible and translated internally to ECL. 
¢ Improved Hold Time ...........-..++e+eeee 0.25ns jl internal logic is implemented in ECL to achieve high 
¢ Excellent Spurious Free Dynamic Range switching speed with low noise. The addition of laser trim- 
ming assures 12-bit linearity is maintained along the entire 

Applications transfer curve. 


Ordering Information 


eamrmumoen | ranoeoy| raceaoe | rxe.no. 
PART NUMBER | RANGE (°C) 

frre | owes [musror fee 
sree | owes _[wussoe fumes 
rave? | _@ __[evvaion Sows POP 
psraveve | _@ _[evvetonbowa 60) 


¢ Cellular Base Stations 
e GSM Base Stations 


e Wireless Communications 


Direct Digital Frequency Synthesis 


Signal Reconstruction 


Test Equipment 


High Resolution Imaging Systems 


Arbitrary Waveform Generators 


Pinout 
HI5731 
(PDIP, SOIC) 
TOP VIEW 
D11 (MSB) | 1| 28] DGND 
D10 | 2| 127; AGND 
D9 | 3| 26] REF OUT 
D8 | 4 25] CTRL OUT 
D7 | 5| i CTRL IN 
Dé | 6 23] Rset 
D5 122 AVeE 
D4/ 8 21] lout 
D3 tout 
D2 19] ARTN a 
D1 | 11) 18} DVEe lu 
DO (LSB) 117] DGND rE 
NC {13} 16] DVcc _ 
Nc [14 75] CLOCK S 
O 
5 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 4070.3 
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Typical Application Circuit 


wd HI5731 
0.01 pF 
t Voc (16) 
D11 D11 (MSB) (1) 
D10 (24) CTRL IN a 0.1),F 
b9 (25) CTRL OUT ; | 
D8 
D7 -5.2V (AVee) 
D6 
D5 (0) D/A OUT 
D4 
64Q r 

D3 
D2 642 
D1 
DO DO (LSB) (12) 9762 


Li CLK (15) 


502 DGND (17, 28) 


\/ 
DVee (18) 


0.1yF 0.01yF 0.01pF 0.1yF 
b a -5.2V (DVeg) - 5.2V (AVee) a a 


Functional Block Diagram 


(LSB)DO ¢ 


REGISTER 


D1i0 ¢ 
(MSB) D11 


CLK 


OVERDRIVEABLE 
VOLTAGE 
REFERENCE 


AVece AGND DVee DGND Voc 
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Absolute Maximum Ratings 


Digital Supply Voltage Voc toDGND ...............084. +5.5V 
Negative Digital Supply Voltage DVeg to DGND........... -5.5V 
Negative Analog Supply Voltage AVeg to AGND, ARTN..... -5.5V 
Digital Input Voltages (D11-D0, CLK) toDGND..... DVcc to -0.5V 
Internal Reference Output Current.................... +2.5mA 
Voltage from CTRL IN to AVeg.... 1. ee eee eee 2.5V to OV 
Control Amplifier Output Current .................608. +2.5mA 
Reference Input Voltage Range................. -3.7V to AVEE 
Analog OuUIpGl CUWrENnt Coiiy) os..ssees0 ets enw sewew es 30mA 


Operating Conditions 
Temperature Range .......... cece cece ee eee -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) 8a (CC/W) 
POIP POCKOGG cca sccccscesinecssessanwiaaas 55 
SOIC PACKAUS .. 2208s cvawnwans tenmawa eee ees 70 

Maximum Junction Temperature 
glitcca |.) Se ee a oe ear ee are 150°C 

Maximum Storage Temperature Range .......... -65°C to 150°C 

Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications AVec, DVe¢ = -4.94 to -5.46V, Voc = +4.75 to +5.25V, Vrer = Internal 


Ta = 25°C for All Typical Values 


PARAMETER 
SYSTEM PERFORMANCE 
Resolution 
Integral Linearity Error, INL 
Differential Linearity Error, DNL ote 4) 
ote 4) 
otes 2, 4) 


Note 3) 


Offset Error, los 
Full Scale Gain Error, FSE 
Offset Drift Coefficient 


-_~ 


Full Scale Output Current, Irs 


= 


Output Voltage Compliance Range 
DYNAMIC CHARACTERISTICS 


(Notes 3, 5) 


als 
oO 
oO 


Throughput Rate (Note 3) 


Output Voltage Full Scale Step 
Settling Time, tseTT, Full Scale 


Singlet Glitch Area, GE (Peak) 
Doublet Glitch Area, (Net) 


(Note 3) 


Output Slew Rate 
(Note 3) 


Output Rise Time 
(Note 3) 


Output Fall Time 


(Note 3) 


Spurious Free Dynamic Range within a Window 
(Note 3) 


TEST CONDITIONS 


Note 4) (“Best Fit’ Straight Line) 


-~ -_-« ama -= 
ziz2z 
' 
—s 
no 


To +0.5 LSB Error Band R,_ = 502 


R, = 50Q (Note 3) 


R, = 502, DAC Operating in Latched Mode 
Ry = 502, DAC Operating in Latched Mode 
R, = 50Q, DAC Operating in Latched Mode 


foLk = 10 MSPS, foyt = 1.23MHz, 2MHz Span 
foLK = 20 MSPS, foyt = 5.055MHz, 2MHz Span 
foLk = 40 MSPS, fout = 16MHz, 10MHz Span 
fo_K = 50 MSPS, foyr = 10.1MHz, 2MHz Span 
foLk = 80 MSPS, fout = 5.1MHz, 2MHz Span 
foLK = 100 MSPS, foyt = 10.1MHz, 2MHz Span 


HI5731Bi 
Ta= -40°C TO 85°C 


a 3 
me) 
Cc 

= 

= 

n 


ak 
oO 
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on 
al: 
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HI5731 


Electrical Specifications AVe¢, DVeg = -4.94 to -5.46V, Voc = +4.75 to +5.25V, Vaer = Internal 
Ta = 25°C for All Typical Values (Continued) 


HI5731BI 
Ta = -40°C TO 85°C 


PARAMETER TEST CONDITIONS | MIN | TYP | MAX UNITS 
Spurious Free Dynamic Range to Nyquist foLk = 40 MSPS, fout = 2.02MHz, 20MHz Span | = | 70 | - | Be | 


a fo=80MSPS,four=2.02MHz, 40MHz Span | - | 70 | - | dBo_| 
[fcux=100MSPS.four=2.02MHz,50MHzSpan |] - | 68 | - | dBe_| 


=) BEZEL End ae 
209) rs [wes 


pV 


REFERENCE/CONTROL AMPLIFIER 


= 


= 
oO 


Internal Reference Voltage, VreF 
Internal Reference Voltage Drift 


Internal Reference Output Current Sink/Source 
Capability 


~~ 


Internal Reference Load Regulation IREF = 0 to IREF = -125pA 

(Note 3) 

Sine Wave Input, to Slew Rate Limited (Note 3) 
Sine Wave Input, to -3dB Loss (Note 3) 

(Note 3) 


Reference Input Multiplying Bandwidth (CTL IN) | Ry = 502, 100mV Sine Wave, to -3dB Loss at 
lout (Note 3) 


Input Impedance at REF OUT pin 
Amplifier Large Signal Bandwidth (0.6Vp_p) 
Amplifier Small Signal Bandwidth (0.1Vp-_p) 


Reference Input Impedance 


a 
N 


DIGITAL INPUTS (D9-D0, CLK, INVERT) 
Input Logic High Voltage, Vj} ote 4) 
Input Logic Low Voltage, Vj, ote 4) 
Input Logic Current, |) | (Note 4) 
ote 4) 


Note 3) 


Input Logic Current, li, 


i>) 
So 


Digital Input Capacitance, Cj 
TIMING CHARACTERISTICS 


ea, 


Data Setup Time, tsy See Figure 1 (Note 3) 
See Figure 1 (Note 3) 
See Figure 1 (Note 3) 


See Figure 1 (Note 3) 


Data Hold Time, typ 

Propagation Delay Time, tpp 

CLK Pulse Width, tpw 1, tpwe 

POWER SUPPLY CHARACTERISITICS 


~- 


Note 4) 
Note 4) 
ote 4) 
ote 4) 
Voc +5%, Veg +5% 


lEEA 


~_ 


IccD 
Power Dissipation 


GOOG 
lal-|ale 
| lelele 
zal 


Power Supply Rejection Ratio 


NOTES: 


2. Gain Error measured as the error in the ratio between the full scale output current and the current through Rs_rz (typically 1.28mA). Ideally 
the ratio should be 16. 


3. Parameter guaranteed by design or characterization and not production tested. 


4. All devices are 100% tested at 25°C. 100% production tested at temperature extremes for military temperature devices, sample tested 
for industrial temperature devices. 


5. Dynamic Range must be limited to a 1V swing within the compliance range. 
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Timing Diagrams 


Vv GLITCH AREA = '/p (H x W) 
D11-D0 
——— i a a gg ae ee -* HEIGHT (H) 
| I 
ea a le ho Saas _ +'/> LSB ERROR BAND 

l 
| 

I 

ical : WIDTH (W) t(ps) 
I 
i] 
I 
l 

tpp-—=_—s |< tsetT ‘toil 
FIGURE 1. FULL SCALE SETTLING TIME DIAGRAM FIGURE 2. PEAK GLITCH AREA (SINGLET) MEASUREMENT 


METHOD 


FIGURE 3. PROPAGATION DELAY, SETUP TIME, HOLD TIME AND MINIMUM PULSE WIDTH DIAGRAM 
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Typical Performance Curves 


ze CLOCK FREQUENCY DOES NOT ag 
ALTER POWER DISSIPATION Pi 
aaa a 


680 


) 
. 

| i 
2s 
Ps 


‘ad le ae Ge a Fi ttt EE _ EEL EL LL 
= — -10 10 30 50 i — -50 -30 -10 10 30 50 70 90 
TEMPERATURE TEMPERATURE 
FIGURE 4. TYPICAL POWER DISSIPATION OVER FIGURE 5. TYPICAL REFERENCE VOLTAGE OVER 
TEMPERATURE TEMPERATURE 


1.5 


To 
CULT 

Ate Mo tg 
if AEE | 


0.5 


a 
LARA PN 
ee TET TUTTE TE 
SPU Ee 


0.5 

0.4 
TTT POEL CEE 
TEEPE EEE} es HHH 
SASREH0RR00 000000000 
0 600 1200 1800 2400 3000 3600 4200 1000 1600 2200 2800 3400 4000 

CODE CODE 
FIGURE 6. TYPICAL INL FIGURE 7. TYPICAL DNL 

ATTEN 20dB AMKR -87.33dB 


RL -10.0dBm 10dB/ -73kHz 


| tt tH eh i ey ey 
0 20 40 60 80 100 CENTER 1.237MHz SPAN 2.000MHz 


TEMPERATURE 
FIGURE 8. OFFSET CURRENT OVER TEMPERATURE FIGURE 9. SPURIOUS FREE DYNAMIC RANGE = 87.3dBc 


10-188 


HI5731 


Typical Performance Curves (Continued) 


ATTEN 20dB AMKR -76.16dB 
RL -10.0dBm 10dB/ -53kHz 


CENTER 5.055MHz SPAN 2.000MHz 


FIGURE 10. SPURIOUS FREE DYNAMIC RANGE = 76.16dBc 


ATTEN 20dB AMKR -81.67dB 


RL -10.0dBm 10dB/ -953kHz 


| 


CENTER 10.100MHz SPAN 2.000MHz 


FIGURE 12. SPURIOUS FREE DYNAMIC RANGE = -81.67dBc 


AMKR -85.60dB 
10dB/ -33kHz 


ATTEN 20dB 
RL -10.0dBm 


CENTER 2.027MHz SPAN 2.000MHz 


FIGURE 14. SPURIOUS FREE DYNAMIC RANGE = -85.60dBc 


ATTEN 20dB AMKR -75.17dB 


RL -10.0dBm 10dB/ -70kHz 
: a 


ETT NP TUTE LL TR PETE OTL | Pe ks 
‘ . 

ee eh ee ee ee Fah SEO O Ma 

CENTER 16.00MHz SPAN 10.00MHz 


FIGURE 11. SPURIOUS FREE DYNAMIC RANGE = 75.17dBc 


ATTEN 20dB AMKR -77.00dB 
RL -10.0dBm 10dB/ -93kHz 


fc = 80 MSPS 


CENTER 5.097MHz SPAN 2.000MHz 


FIGURE 13. SPURIOUS FREE DYNAMIC RANGE = 77dBc 


ATTEN 20dB AMKR -85.50dB 
RL -10.0dBm 10dB/ 73kHz 


ee 


a 
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SEREREREE 
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bad ' 


5 
P| 
3 

= 
3 


CENTER 5.000MHz SPAN 2.000MHz 


FIGURE 15. SPURIOUS FREE DYNAMIC RANGE = 85.5dBc 
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Typical Performance Curves (continued) 


ATTEN 20dB 
RL -10.0dBm 10dB/ 


AMKR -80.50dB 
-807kHz 


CENTER 10.133MHz SPAN 2.000MHz 


FIGURE 16. SPURIOUS FREE DYNAMIC RANGE = 80.5dBc 


ATTEN 20dB 
RL -10.0dBm 10dB/ 


AMKR -71.16dB 
2.99MHz 


fc = 40 MSPS 
fo = 2.02MHz 


START FREQUENCY 500kHz STOP FREQUENCY 20MHz 


FIGURE 18. SPURIOUS FREE DYNAMIC RANGE = 71.16dBc 


ATTEN 20dB 
RL -10.0dBm 


START FREQUENCY 500kHz 


ATTEN 20dB 
RL -10.0dBm 


AMKR -72.17dB 
~467kHz 


CENTER 26.637MHz 


FIGURE 17. SPURIOUS FREE DYNAMIC RANGE = 72.17dBc 


ATTEN 20dB AMKR -70.50dB 
RL -10.0dBm 10dB/ 1.98MHz 


TTT oo ses 
OT to aan 


| : 8 rot =e ree coe Se : og rch a 9 rite; 
| : ( 1 . ‘ ‘ 2% SES bes rb ie ed 
tq i ' Bee a eed ri i ‘ Hse 


START FREQUENCY 500kHz STOP FREQUENCY 40MHz 


FIGURE 19. SPURIOUS FREE DYNAMIC RANGE = 70.5dBc 


AMKR -70.00dB 


10dB/ 4.13MHz 


fc = 100 MSPS 
fo = 2.02MHz 


STOP FREQUENCY 50MHz 


FIGURE 20. SPURIOUS FREE DYNAMIC RANGE = 70dBc 
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Pin Descriptions 


1-42 D11 (MSB) 
thru DO (LSB) 


Digital Logic Supply +5V 


17, 28 DGND Digital Ground 


13, 14 te No Connect 


Detailed Description 


The HI5731 is a 12-bit, current out D/A converter. The DAC can 
convert at 100 MSPS and runs on +5V and -5.2V supplies. The 
architecture is an R/2R and segmented switching current cell 
arrangement to reduce glitch. Laser trimming is employed to 
tune linearity to true 12-bit levels. The HI5731 achieves its low 
power and high speed performance from an advanced 
BiCMOS process. The HI5731 consumes 650mW (typical) and 
has an improved hold time of only 0.25ns (typical). The HI5731 
is an excellent converter for use in communications applications 
and high performance instrumentation systems. 


Digital Inputs 


The HI5731 is a TTL/CMOS compatible D/A. Data is latched 
by a Master register. Once latched, data inputs DO (LSB) 
thru D11 (MSB) are internally translated from TTL to ECL. 
The internal latch and switching current source controls are 
implemented in ECL technology to maintain high switching 
speeds and low noise characteristics. 


Decoder/Driver 


The architecture employs a split R/2R ladder and Segmented 
Current source arrangement. Bits DO (LSB) thru D7 directly 
drive a typical R/2R network to create the binary weighted cur- 
rent sources. Bits D8 thru D11 (MSB) pass thru a “thermome- 
ter’ decoder that converts the incoming data into 15 individual 
segmented current source enables. This split architecture helps 
to improve glitch, thus resulting in a more constant glitch char- 
acteristic across the entire output transfer function. 


Clocks and Termination 


The internal 12-bit register is updated on the rising edge of the 
clock. Since the HI5731 clock rate can run to 100 MSPS, to 


PIN NUMBER | PINNAME | PIN DESCRIPTION 


Digital Data Bit 11, the Most Significant Bit thru Digital Data Bit 0, the Least Significant Bit 


[15 | CLK ~—_—_— Data Clock Pin DC to 100 MSPS 


External resistor to set the full scale output current. Ips = 16 x (VReF OUT / Rsert). Typically 976. 


AGND Analog Ground supply current return pin 
ARTN Analog Signal Return for the R/2R ladder. 


Complementary Current Output Pin 


Allows external control of the current sources. 


CTRL IN Input to the current source base rail. Typically connected to CTRL OUT and a 0.1p:F capacitor to AVeg. 


CTRL OUT {Control Amplifier Out. Provides precision control of the current sources when connected to CTRL IN such 
that IFs = 16 x (VREF ouT/ Ret). 


REF OUT _ |-1.23V (Typ) bandgap reference voltage output. Can sink up to 125A or be overdriven by an external 


reference capable of delivering up to 2mA. 


minimize reflections and clock noise into the part proper termi- 
nation should be used. In PCB layout clock runs should be kept 
short and have a minimum of loads. To guarantee consistent 
results from board to board controlled impedance PCBs shculd 
be used with a characteristic line impedance Zo of 50Q. 


To terminate the clock line, a shunt terminator to ground is 
the most effective type at a 100 MSPS clock rate. A typical 
value for termination can be determined by the equation: 
Rr=Zo, 

for the termination resistor. For a controlled impedance 
board with a Zo of 50Q, the Rr = 50Q. Shunt termination is 


best used at the receiving end of the transmission line or as 
close to the HI5731 CLK pin as possible. 


HI5731 
DAC 


FIGURE 21. CLOCK LINE TERMINATION 


Rise and Fall times and propagation delay of the line will be 
affected by the Shunt Terminator. The terminator should be 
connected to DGND. 


Noise Reduction 


To reduce power supply noise, separate analog and digital 
power supplies should be used with 0.1uF and 0.01pF 
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ceramic capacitors placed as close to the body of the 
HI5731 as possible on the analog (AVeg) and digital (DVEE) 
supplies. The analog and digital ground returns should be 
connected together back at the device to ensure proper 
operation on power up. The Vcc power pin should also be 
decoupled with a 0.1p.F capacitor. 


Reference 


The internal reference of the HI5731 is a -1.23V (typical) band- 
gap voltage reference with 175uV/°C of temperature drift (typi- 
cal). The internal reference is connected to the Control 
Amplifier which in turn drives the segmented current cells. Ref- 
erence Out (REF OUT) is internally connected to the Control 
Amplifier. The Control Amplifier Output (CTRL OUT) should be 
used to drive the Control Amplifier Input (CTRL IN) and a 0.1pF 
capacitor to analog Ver. This improves settling time by provid- 
ing an AC ground at the current source base node. The Full 
Scale Output Current is controlled by the REF OUT pin and the 
set resistor (Rget). The ratio is: 


lout (Full Scale) = (VReF ouT/RseEt) x 16, 


The internal reference (REF OUT) can be overdriven with a 
more precise external reference to provide better 
performance over temperature. Figure 22 illustrates a typical 
external reference configuration. 


HI5731 


(26) REF OUT 


-5.2V 
FIGURE 22. EXTERNAL REFERENCE CONFIGURATION 


Multiplying Capability 


The HI5731 can operate in two different multiplying configu- 
rations. For frequencies from DC to 100kHz, a signal of up to 
0.6Vp.p can be applied directly to the REF OUT pin as 
shown in Figure 23. 


HI5731 


FIGURE 23. LOW FREQUENCY MULTIPLYING BANDWIDTH 
CIRCUIT 


The signal must have a DC value such that the peak 
negative voltage equals -1.25V. Alternately, a capacitor can 
be placed in series with REF OUT if DC multiplying is not 
required. The lower input bandwidth can be calculated using 
the following formula: 


— 1 
IN ™ (21)(1400)(f)y) 


For multiplying frequencies above 100kHz, the CTRL IN pin 
can be driven directly as seen in Figure 24. 


HI5731 


CTRL OUT 


VIN 


502 


FIGURE 24. HIGH FREQUENCY MULTIPLYING BANDWIDTH 


CIRCUIT 
The nominal input/output relationship is defined as: 
AV 
IN 


In order to prevent the full scale output current from exceed- 
ing 20.48mA, the Rs_ert resistor must be adjusted according 
to the following equation: 
i Ls) | 
= y 
IN(PEAK) 
lour(FULL SCALE) - (—NFEAN)) 


The circuit in Figure 24 can be tuned to adjust the lower cut- 
off frequency by adjusting capacitor values. Table 1 below 
illustrates the relationship: 


TABLE 1. CAPACITOR SELECTION 


Also, the input signal must be limited to 1Vp_p to avoid dis- 
tortion in the DAC output current caused by excessive modu- 
lation of the internal current sources. 


Outputs 


The outputs loyt and l6pT are complementary current 
outputs. Current is steered to either Ioyt or IOUT in propor- 
tion to the digital input code. The sum of the two currents is 
always equal to the full scale current minus one LSB. The 
current output can be converted to a voltage by using a load 
resistor. Both current outputs should have the same load 
resistor (64Q typically). By using a 64Q load on the output, a 
50Q effective output resistance (Royrt) is achieved due to 
the 227Q (+15%) parallel resistance seen looking back into 
the output. This is the nominal value of the R2R ladder of the 
DAC. The 50Q output is needed for matching the output with 
a 50Q line. The load resistor should be chosen so that the 
effective output resistance (Royt) matches the line 
resistance. The output voltage is: 


Vout = lout x Rout: 

lout is defined in the reference section. lOpT is not trimmed 
to 12 bits, so it is not recommended that it be used in 
conjunction with loyt in a differential-to-single-ended appli- 
cation. The compliance range of the output is from -1.25V to 
+3.0V, with a 1Vp_p voltage swing allowed within this range. 
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TABLE 2. INPUT CODING vs CURRENT OUTPUT 


SCA 
Powers voae ome 
fwomsemoom [8 | ae 


Settling Time 


The settling time of the HI5731 is measured as the time it 
takes for the output of the DAC to settle to within a "fp LSB 
error band of its final value during a full scale (code 0000... 
to 1111.... or 1111... to 0000...) transition. All claims made by 
Harris with respect to the settling time performance of the 
HI5731 have been fully verified by the National Institute of 
Standards and Technology (NIST) and are fully traceable. 


Glitch 


The output glitch of the HI5731 is measured by summing the 
area under the switching transients after an update of the 
DAC. Glitch is caused by the time skew between bits of the 
incoming digital data. Typically, the switching time of digital 
inputs are asymmetrical meaning that the turn off time is 
faster than the turn on time (TTL designs). Unequal delay 
paths through the device can also cause one current source 
to change before another. In order to minimize this, the 
Harris HI5731 employes an internal register, just prior to the 
current sources, which is updated on the clock edge. Lastly, 
the worst case glitch on traditional D/A converters usually 
occurs at the major transition (i.e., code 2047 to 2048). How- 
ever, due to the split architecture of the HI5731, the glitch is 
moved to the 255 to 256 transition (and every subsequent 
256 code transitions thereafter). This split R/2R segmented 
current source architecture, which decreases the amount of 
current switching at any one time, makes the glitch practi- 
cally constant over the entire output range. By making the 
glitch a constant size over the entire output range this 
effectively integrates this error out of the end application. 


In measuring the output glitch of the HI5731 the output is 
terminated into a 64Q load. The glitch is measured at any 
one of the current cell carry (code 255 to 256 transition or 
any multiple thereof) throughout the DACs output range. 


The glitch energy is calculated by measuring the area under 
the voltage-time curve. Figure 26 shows the area considered 
as glitch when changing the DAC output. Units are typically 
specified in picoVolt-seconds (pV-s). 


HI5731 


100MHz 
f LOW PASS 
FILTER 


SCOPE 
(21) lout 


502 


FIGURE 25. GLITCH TEST CIRCUIT 


GLITCH ENERGY = (a x t)/2 


FIGURE 26. MEASURING GLITCH ENERGY 


Applications 


Bipolar Applications 


To convert the output of the HI5731 to a bipolar 4V swing, 
the following applications circuit is recommended. The refer- 
ence can only provide 125,/A of drive, so it must be buffered 
to create the bipolar offset current needed to generate the 
-2V output with all bits ‘off’. The output current must be con- 
verted to a voltage and then gained up and offset to produce 
the proper swing. Care must be taken to compensate for the 
voltage swing and error. 


HI5731 


lout Vout 
(21) 


HFA1100 


FIGURE 27. BIPOLAR OUTPUT CONFIGURATION 


Interfacing to the HSP45106 NCO-16 


The HSP45106 is a 16-bit, Numerically Controlled Oscillator 
(NCO). The HSP45106 can be used to generate various 
modulation schemes for Direct Digital Synthesis (DDS) 
applications. Figure 28 shows how to interface an HI5731 to 
the HSP45106. 


Interfacing to the HSP45102 NCO-12 


The HSP45102 is a 12-bit, Numerically Controlled Oscillator 
(NCO). The HSP45102 can be used to generate various 
modulation schemes for Direct Digital Synthesis (DDS) 
applications. Figure 29 shows how to interface an HI5731 to 
the HSP45102. 
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This high level block diagram is that of a basic PSK 
modulator. In this example the encoder generates the PSK 
waveform by driving the Phase Modulation Inputs (P1, PO) of 
the HSP45102. The P1-0 inputs impart a phase shift to the 
carrier wave as defined in Table 2. 


TABLE 3. PHASE MODULATION INPUT CODING 


PHASE SHIFT 
(DEGREES) 


The data port of the HSP45102 drives the 12-bit HI5731 
DAC which converts the NCO output into an analog wave- 
form. The output filter connected to the DAC can be tailored 
to remove unwanted spurs for the desired carrier frequency. 
The controller is used to load the desired center frequency 
and control the HSP45102. The HI5731 coupled with the 
HSP45102 make an inexpensive PSK modulator with 
Spurious Free performance down to -76dBc. 


Definition of Specifications 


Integral Linearity Error, INL, is the measure of the worst 
case point that deviates from a best fit straight line of data 
values along the transfer curve. 


Differential Linearity Error, DNL, is the measure of the 
error in step size between adjacent codes along the con- 
verter’s transfer curve. Ideally, the step size is 1 LSB from 
one code to the next, and the deviation from 1 LSB is known 
as DNL. A DNL specification of greater than -1 LSB guaran- 
tees monotonicity. 


Feedthru, is the measure of the undesirable switching noise 
coupled to the output. 


Output Voltage Full Scale Settling Time, is the time 
required from the 50% point on the clock input for a full scale 
step to settle within an +'/p LSB error band. 


Output Voltage Small Scale Settling Time, is the time 
required from the 50% point on the clock input for a 100mV 
step to settle within an "fp LSB error band. This is used by 
applications reconstructing highly correlated signals such as 
sine waves with more than 5 points per cycle. 


Glitch Area, GE, is the switching transient appearing on the 
output during a code transition. It is measured as the area 
under the curve and expressed as a_picoVolt-time 
specification (typically pV-s). 


Differential Gain, AAy, is the gain error from an ideal sine 
wave with a normalized amplitude. 


Differential Phase, A®, is the phase error from an ideal 
sine wave. 


Signal to Noise Ratio, SNR, is the ratio of a fundamental to 
the noise floor of the analog output. The first 5 harmonics 
are ignored, and an output filter of "fp the clock frequency is 
used to eliminate alias products. 


Total Harmonic Distortion, THD, is the ratio of the DAC 
output fundamental to the RMS sum of the harmonics. The 
first 5 harmonics are included, and an output filter of "fp the 
clock frequency is used to eliminate alias products. 


Spurious Free Dynamic Range, SFDR, is the amplitude 
difference from a fundamental to the largest harmonically or 
non-harmonically related spur. A sine wave is loaded into the 
D/A and the output filtered at "fp the clock frequency to elim- 
inate noise from clocking alias terms. 


intermodulation Distortion, IMD, is the measure of the 
sum and difference products produced when a two tone 
input is driven into the D/A. The distortion products created 
will arise at sum and difference frequencies of the two tones. 
IMD can be calculated using the following equation: 


IMD = 20Log (RMS of Sum and Difference Distortion Products) 
~ (RMS Amplitude of the Fundamental) 
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33 MSPS 
CLK 
BASEBAND TSCi@AT MOD2 TO RF 
BIT MOD1 FILTER UP-CONVERT 
STREAM a) ul STAGE 


MODO 
R1 


64 


Le oF 52V_A 
Ci fae -5.2V_A 


0.01,F 


CONTROLLER 


-5.2V_A V 


-5.2V_D —fYYVi— -5.2V_A 


HSP45106 


FIGURE 28. MODULATOR USING THE HI5731 AND THE HSP45106 16-BIT NCO 
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TO RF 
FILTER UP-CONVERT 
STAGE 


R1 
40 MSPS 
i CLK 64 
BASEBAND 
em fa ne fd 
STREAM 
64 
| C2 a -5.2V_A 
¢----= -5.2V_A 
gp C1°* 0.01,F 
CONTROL 
BUS 
CONTROLLER 
S SCLK R3 
@ “ 
rs ; 
a nema ae 
HSP45102 5.2V_A \/ 


FIGURE 29. PSK MODULATOR USING THE HI5731 AND THE HSP45102 12-BIT NCO 
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Die Characteristics 
DIE DIMENSIONS: 
161.5 mils x 160.7 mils x 19 mils 


METALLIZATION: 


Type: AlSiCu 
Thickness: M1 - 8kA, M2 - 17kA 


PASSIVATION: 
Type: Sandwich Passivation 
Undoped Silicon Glass (USG) + Nitride 
Thickness: USG - 8kA, Nitride - 4.2 
Total 12.2kA + 2kA 


SUBSTRATE POTENTIAL (Powered Up): 
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12-Bit, 80 MSPS, 
High Speed Video D/A Converter 


Features Description 
¢ Throughput Rate ............cccencecees 80 MSPS__ The _HI5735 is a 12-bit, 80 MSPS, D/A converter which is 
© LowP 650mW implemented in the Harris BICMOS 10V (HBC-10) process. 
ee eran CRS CRGMa eee ERA RE SEATESMOR a Operating from +5V and -5.2V, the converter provides 

e Integral Linearity Error ..............000+ 0.75LSB~ -20.48mA of full scale output current and includes an input 

data register and bandgap voltage reference. Low glitch 
* Low Glitch Energy ..0ssscccscusuenscsewens 3.0pV-s energy and excellent frequency domain performance are 
e TTL/CMOS Compatible Inputs achieved using a segmented architecture. The digital inputs 

are TTL/CMOS compatible and translated internally to ECL. 
¢ Improved Hold Time ........-.+-.+-s+seeee 0.25nS All internal logic is implemented in ECL to achieve high 

ming assures 12-bit linearity is maintained along the entire 
A ppli cations transfer curve. 
ee Ordering Information 
e Cable TV Headend Equipment TEMP. 

PART NUMBER | RANGE (°C) 

oe 

Pinout 
HI5735 
(PDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


Copyright © Harris Corporation 1997 


D11 (MSB) [1] 


File Number 4133.2 
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Typical Application Circuit 
+5V 
0.01uF 


| D11 


50Q 


0.1 pF 0.01,:F 
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HI5735 


HI5735 


Voc (16) 
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D10 (2) 0.1F 
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Functional Block Diagram 
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Absolute Maximum Ratings 


Digital Supply Voltage Vcc toDGND ................... +5.5V 
Negative Digital Supply Voltage DVeg to DGND........... -5.5V 
Negative Analog Supply Voltage AVeg to AGND, ARTN..... -5.5V 
Digital Input Voltages (D11-D0, CLK) to DGND..... DVcc to -0.5V 
Internal Reference Output Current.................04. +2.5mA 
Voltage from CTRL IN tO AVE. 0.5 ic ce cscs sccossss 2.5V to OV 
Control Amplifier Output Current ..................04. +2.5mA 
Reference Input Voltage Range................. -3.7V to AVeg 
Analog Outout COMGH (louT) «cee vewnaswccan new nees 30mA 
Operating Conditions 
Temperature Range 

MT SNO Gs io odienat rare cries ideerenesows -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) Oya (°C/W) 
PEN FPECRAUS s e2b ede es 004s Ses Kees benne ben 55 
SOM PACKBOGs «incu sivndveaseganae eonaewka 70 

Maximum Junction Temperature 
Plastic PackageS .......... 0. ccc cece eee eee e eens 150°C 

Maximum Storage Temperature Range .......... -65°C to 150°C 

Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. 8ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications AVe¢, DVer = -4.94 to -5.46V, Vcc = +4.75 to +5.25V, Vref = Internal 


Ta = 25°C for All Typical Values 


PARAMETER 
SYSTEM PERFORMANCE 
Resolution 
Integral Linearity Error, INL 
Differential Linearity Error, DNL (Note 4) 
Offset Error, los (Note 4) 
Full Scale Gain Error, FSE (Notes 2, 4) 
Offset Drift Coefficient (Note 3) 
Full Scale Output Current, Irs 
Output Voltage Compliance Range (Notes 3, 5) 
DYNAMIC CHARACTERISTICS 
Throughput Rate (Note 3) 


Output Voltage Full Scale Step 
Settling Time, tset7 Full Scale (Note 3) 
Single Glitch Area, GE (Peak) 
Doublet Glitch Area, (Net) 


Output Slew Rate 
(Note 3) 


Output Rise Time 
(Note 3) 


Output Fall Time 
(Note 3) 


Differential Gain 


Differential Phase 


TEST CONDITIONS 


(Note 4) (“Best Fit” Straight Line) 
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To +0.5 LSB Error Band R,_ = 50Q 


R, = 50Q (Note 3) 


Ry = 502, DAC Operating in Latched Mode 1,000 
Ry = 502, DAC Operating in Latched Mode 675 
R,_ = 502, DAC Operating in Latched Mode 470 


HI5735BI 
Ta = 0°C TO 70°C 
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Electrical Specifications AVec¢, DVeg = -4.94 to -5.46V, Voc = +4.75 to +5.25V, Vrer = Internal 
Ta = 25°C for All Typical Values (Continued) 


HI5735BI 
Ta = 0°C TO 70°C 
PARAMETER TEST CONDITIONS | MIN | TYP | MAX | 


Spurious Free Dynamic Range to Nyquist foLK = 40MHzZ, four = 2.02MHz, 20MHz Span | = | 70 | | = | Bo | 
(Note 3) 
foLK = 80MHz, foyt = 2.02MHz, 40MHz Span P= | 70 | = | dBe | 


REFERENCE/CONTROL AMPLIFIER 


[ronal Retoence Volos Vrer soe) Sida sme [a 
[ronal RoteenceVvotae Oat ides) (| | 
=a ln Gd a 
Capability 

[neatnpedancsiReFOUTG [weed Tt | | 
[Arie Large Sina Bandwidh @6Vre) | SheWawinoawSiewRatouniea ees) | — | 8 | — | wre 
[Arie Sra Sra Bandwidh(@-Nrw) [Ste wave nosh o-o@Bloseeed) | | 10 | - | wre 
ES 
R,_ = 502, 100mV Sine Wave, to -3dB Loss at ile he 

lout (Note 3) 


DIGITAL INPUTS (D9-D0, CLK, INVERT) 


-= 


Input Logic High Voltage, Vjy 


no Es 


(Note 4) 


< 


Input Logic Low Voltage, Vj, 
(Note 4) 


= 
= 

= Pre a 

noe ee or 


Input Logic Current, Ij} 
Input Logic Current, li. 
Digital Input Capacitance, Cyy 
TIMING CHARACTERISTICS 


POWER SUPPLY CHARACTERISITICS 
fecoSSSSC~di 


NOTES: 
2. Gain Error measured as the error in the ratio between the full scale output current and the current through Rs_r (typically 1.28mA). Ideally 
the ratio should be 16. 
3. Parameter guaranteed by design or characterization and not production tested. 
4. All devices are 100% tested at 25°C. 100% production tested at temperature extremes for military temperature devices, sample tested 
for industrial temperature devices. 
5. Dynamic Range must be limited to a 1V swing within the compliance range. 
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Timing Diagrams 


D1i1-D0 


louT 


| 
tpp-—=_—s I< tsetT = 
mo 


FIGURE 1. FULL SCALE SETTLING TIME DIAGRAM 


Vv GLITCH AREA = "/2 (H x W) 


ome a= HEIGHT (H) 


WIDTH (W) t(ps) 


FIGURE 2. PEAK GLITCH AREA (SINGLET) MEASUREMENT 
METHOD 


FIGURE 3. PROPAGATION DELAY, SETUP TIME, HOLD TIME AND MINIMUM PULSE WIDTH DIAGRAM 
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Typical Performance Curves 
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FIGURE 4. TYPICAL POWER DISSIPATION OVER 
TEMPERATURE 
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FIGURE 6. TYPICAL INL 
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FIGURE 5. TYPICAL REFERENCE VOLTAGE OVER 
TEMPERATURE 
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FIGURE 7. TYPICAL DNL 


ATTEN 20dB AMKR -87.33dB 
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FIGURE 9. SPURIOUS FREE DYNAMIC RANGE = 87.3dBc 
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Pin Descriptions 


PIN NUMBER | PINNAME — PIN DESCRIPTION 


1-12 D11(MSB) _ | Digital Data Bit 11, the Most Significant Bit thru Digital Data Bit 0, the Least Significant Bit. 
thru DO (LSB) 


A A LLL, 


CTRL IN Input to the current source base rail. Typically connected to CTRL OUT and a 0.1pF capacitor to AVegc. 
Allows external control of the current sources. 
CTRL OUT | Control Amplifier Out. Provides precision control of the current sources when connected to CTRL IN such 
that IF = 16 x (VREF OUT / RseT)- 
REF OUT |-1.23V (typical) bandgap reference voltage output. Can sink up to 125A or be overdriven by an external 
reference capable of delivering up to 2mA. 


Detailed Description 


The HI5735 is a 12-bit, current out D/A converter. The DAC 
can convert at 80 MSPS and runs on +5V and -5.2V supplies. 
The architecture is an R/2R and segmented switching current 
cell arrangement to reduce glitch. Laser trimming is employed 
to tune linearity to true 12-bit levels. The HI5735 achieves its 
low power and high speed performance from an advanced 
BiCMOS process. The HI5735 consumes 650mW (typical) 
and has an improved hold time of only 0.25ns (typical). 


Digital Inputs 


The HI5735 is a TTL/CMOS compatible D/A. Data is latched 
by a Master register. Once latched, data inputs DO (LSB) 
thru D11 (MSB) are internally translated from TTL to ECL. 
The internal latch and switching current source controls are 
implemented in ECL technology to maintain high switching 
speeds and low noise characteristics. 


Decoder/Driver 


The architecture employs a split R/2R ladder and Seg- 
mented Current source arrangement. Bits DO (LSB) thru D7 
directly drive a typical R/2R network to create the binary 
weighted current sources. Bits D8 thru D11 (MSB) pass thru 
a “thermometer” decoder that converts the incoming data 
into 15 individual segmented current source enables. This 
split architecture helps to improve glitch, thus resulting in a 
more constant glitch characteristic across the entire output 
transfer function. 


Clocks and Termination 


The internal 12-bit register is updated on the rising edge of 
the clock. Since the HI5735 clock rate can run to 80 MSPS, 


to minimize reflections and clock noise into the part, proper 
termination should be used. In PCB layout clock runs should 
be kept short and have a minimum of loads. To guarantee 
consistent results from board to board, controlled impedance 
PCBs should be used with a characteristic line impedance 
Zo of 502. 


To terminate the clock line, a shunt terminator to ground is 
the most effective type at a 80 MSPS clock rate. A typical 
value for termination can be determined by the equation: 


Rr =Zo, 


for the termination resistor. For a controlled impedance 
board with a Zo of 50Q, the Ry = 50Q. Shunt termination is 
best used at the receiving end of the transmission line or as 
close to the HI5735 CLK pin as possible. 


HI5735 
DAC 


FIGURE 10. CLOCK LINE TERMINATION 


Rise and Fall times and propagation delay of the line will be 
affected by the Shunt Terminator. The terminator should be 
connected to DGND. 
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Noise Reduction 


To reduce power supply noise, separate analog and digital 
power supplies should be used with 0.1uF and 0.01pF 
ceramic capacitors placed as close to the body of the 
HI5735 as possible on the analog (AVeF) and digital (DVeF) 
supplies. The analog and digital ground returns should be 
connected together back at the device to ensure proper 
operation on power up. The Vcc power pin should also be 
decoupled with a 0.1,.F capacitor. 


Reference 


The internal reference of the HI5735 is a -1.23V (typical) 
bandgap voltage reference with 50, V/°C of temperature drift 
(typical). The internal reference is connected to the Control 
Amplifier which in turn drives the segmented current cells. 
Reference Out (REF OUT) is internally connected to the 
Control Amplifier. The Control Amplifier Output (CTRL OUT) 
should be used to drive the Control Amplifier Input (CTRL 
IN) and a 0.1p.F capacitor to analog Ver. This improves set- 
tling time by providing an AC ground at the current source 
base node. The Full Scale Output Current is controlled by 
the REF OUT pin and the set resistor (Rg). The ratio is: 


lout (Full Scale) = (VReEF out/Rset) x 16. 


The internal reference (REF OUT) can be overdriven with a 
more precise external reference to provide better 
performance over temperature. Figure 11 illustrates a typical 
external reference configuration. 


HI5735 


(26) REF OUT 


-5.2V 
FIGURE 11. EXTERNAL REFERENCE CONFIGURATION 


Outputs 


The outputs Ioyr and l6gT are complementary current 
outputs. Current is steered to either Ioyt or IOUT in proportion 
to the digital input code. The sum of the two currents is always 
equal to the full scale current minus one LSB. The current out- 
put can be converted to a voltage by using a load resistor. Both 
current outputs should have the same load resistor (64Q typi- 
cally). By using a 64Q load on the output, a 50Q effective output 
resistance (Rout) is achieved due to the 227Q (+15%) parallel 
resistance seen looking back into the output. This is the nomi- 
nal value of the R2R ladder of the DAC. The 50Q output is 
needed for matching the output with a 50Q line. The load resis- 
tor should be chosen so that the effective output resistance 
(Rout) matches the line resistance. The output voltage is: 


Vout = lout * Rout- 


lout is defined in the reference section. [OUT is not trimmed 
to 12 bits, so it is not recommended that it be used in 
conjunction with lout in a differential-to-single-ended appli- 
cation. The compliance range of the output is from -1.25V to 
+3.0V, with a 1Vp_p voltage swing allowed within this range. 


TABLE 2. INPUT CODING vs CURRENT OUTPUT 


fam |e 
Ea 


Settling Time 


The settling time of the HI5735 is measured as the time it 
takes for the output of the DAC to settle to within a 1/2 LSB 
error band of its final value during a full scale (code 0000... 
to 1111.... or 1111... to 0000...) transition. All claims made by 
Harris with respect to the settling time performance of the 
HI5735 have been fully verified by the National Institute of 
Standards and Technology (NIST) and are fully traceable. 


Glitch 


The output glitch of the HI5735 is measured by summing the 
area under the switching transients after an update of the 
DAC. Glitch is caused by the time skew between bits of the 
incoming digital data. Typically, the switching time of digital 
inputs are asymmetrical, meaning that the turn off time is 
faster than the turn on time (TTL designs). Unequal delay 
paths through the device can also cause one current source 
to change before another. In order to minimize this, the Har- 
ris HI5735 employes an internal register, just prior to the cur- 
rent sources, which is updated on the clock edge. Lastly, the 
worst case glitch on traditional D/A converters usually occurs 
at the major transition (i.e., code 2047 to 2048). However, 
due to the split architecture of the HI5735, the glitch is 
moved to the 255 to 256 transition (and every subsequent 
256 code transitions thereafter). This split R/2R segmented 
current source architecture, which decreases the amount of 
current switching at any one time, makes the glitch practi- 
cally constant over the entire output range. By making the 
glitch a constant size over the entire output range, this effec- 
tively integrates this error out of the end application. 


In measuring the output glitch of the HI5735 the output is 
terminated into a 64Q load. The glitch is measured at any 
one of the current cell carry (code 255 to 256 transition or 
any multiple thereof) throughout the DACs output range. 


The glitch energy is calculated by measuring the area under 
the voltage-time curve. Figure 13 shows the area considered 
as glitch when changing the DAC output. Units are typically 
specified in picoVolt-seconds (pV-s). 


HI5735 


100MHz 
LOW PASS 


(21) | 
aia FILTER 


FIGURE 12. GLITCH TEST CIRCUIT 
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Applications 


Bipolar Applications 


GLITCH ENERGY = (a x t)/2 


FIGURE 13. MEASURING GLITCH ENERGY 


To convert the output of the HI5735 to a bipolar 4V swing, the 
following applications circuit is recommended. The reference 
can only provide 125u1A of drive, so it must be buffered to 
create the bipolar offset current needed to generate the -2V 
output with all bits “off”. The output current must be converted 
to a voltage and then gained up and offset to produce the 
proper swing. Care must be taken to compensate for the 
voltage swing and error 


HI5735 


lout 
(21) 


HFA1100 


FIGURE 14. BIPOLAR OUTPUT CONFIGURATION 


Definition of Specifications 


Integral Linearity Error, INL, is the measure of the worst 
case point that deviates from a best fit straight line of data 
values along the transfer curve. 


Differential Linearity Error, DNL, is the measure of the 
error in step size between adjacent codes along the con- 
verter’s transfer curve. Ideally, the step size is 1 LSB from 
one code to the next, and the deviation from 1 LSB is known 
as DNL. A DNL specification of greater than -1 LSB guaran- 
tees monotonicity. 


Feedthru, is the measure of the undesirable switching noise 
coupled to the output. 


Output Voltage Full Scale Settling Time, is the time 
required from the 50% point on the clock input for a full scale 
step to settle within an +"/p LSB error band. 


Output Voltage Small Scale Settling Time, is the time 
required from the 50% point on the clock input for a 100mV 
step to settle within an po LSB error band. This is used by 
applications reconstructing highly correlated signals such as 
sine waves with more than 5 points per cycle. 


Glitch Area, GE, is the switching transient appearing on the 
output during a code transition. It is measured as the area 
under the curve and expressed as a_ picoVolteTime 
specification (typically pVes). 


Differential Gain, AAy, is the gain error from an ideal sine 
wave with a normalized amplitude. 


Differential Phase, A®, is the phase error from an ideal 
sine wave. 


Signal to Noise Ratio, SNR, is the ratio of a fundamental to 
the noise floor of the analog output. The first 5 harmonics 
are ignored, and an output filter of "fp the clock frequency is 
used to eliminate alias products. 


Total Harmonic Distortion, THD, is the ratio of the DAC 
output fundamental to the RMS sum of the harmonics. The 
first 5 harmonics are included, and an output filter of "fp the 
clock frequency is used to eliminate alias products. 


Spurious Free Dynamic Range, SFDR, is the amplitude 
difference from a fundamental to the largest harmonically or 
non-harmonically related spur. A sine wave is loaded into the 
D/A and the output filtered at "fp the clock frequency to 
eliminate noise from clocking alias terms. 


intermodulation Distortion, IMD, is the measure of the 
sum and difference products produced when a two tone 
input is driven into the D/A. The distortion products created 
will arise at sum and difference frequencies of the two tones. 
IMD can be calculated using the following equation: 


IMD = 20Log (RMS of Sum and Difference Distortion Products) 
(RMS Amplitude of the Fundamental) , 
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Die Characteristics 


DIE DIMENSIONS: DIE ATTACH: 
161.5 mils x 160.7 mils x 19 mils +1 mil Silver Filled Epoxy 

METALLIZATION: SUBSTRATE POTENTIAL (Powered Up): 
Type: AlSiCu VEED 


Thickness: M1 - 8kA, M2 - 17kA 


PASSIVATION: 


Type: Sandwich Passivation 
Undoped Silicon Glass (USG) + Nitride 
Thickness: USG - gkA, Nitride - 4.2kA 


Total 12.2kA + +2kA 


Metallization Mask Layout 
HI5735 
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HI5741 


August 1997 14-Bit, 100 MSPS, High Speed D/A Converter 
Features Description 
¢ Throughput Rate .............0eceeeeee 100 MSPS ___—‘ The HI5741 is a 14-bit, 100 MSPS, D/A converter which is 


implemented in the Harris BICMOS 10V (HBC-10) process. 
LOW Power ... 2... cece cee scene cennceeccnes 650mW Operating from +5V and -5.2V, the converter provides 
e Integral Linearity Error .................005: 1LSB 20.48mA of full scale output current and includes an input 
data register and bandgap voltage reference. Low glitch 


* Low Glitch Energy .........-.-sseeeeeeeeees IpV-S energy and excellent frequency domain performance are 
e TTL/CMOS Compatible Inputs achieved using a segmented architecture. The digital inputs 
are TTL/CMOS compatible and translated internally to ECL. 
¢ Improved Hold Time .............--++eeeee 0.25nS All internal logic is implemented in ECL to achieve high 
¢ Excellent Spurious Free Dynamic Range switching speed with low noise. The addition of laser trim- 
ming assures 14-bit linearity is maintained along the entire 
App lications transfer curve. 


Ordering Information 


Leamrwunaen [raver éo| rxccnce | "ho 
PART NUMBER | RANGE (°C) 

fener | sone [aaron [ee 
peneree | sows [ease [wana 
pares | _[Sanbea oo) 


e Cellular Base Stations 


e Wireless Communications 


Direct Digital Frequency Synthesis 


Signal Reconstruction 
¢ Test Equipment 
e High Resolution imaging Systems 


¢ Arbitrary Waveform Generators 


Pinout 
HI5741 
(PDIP, SOIC) 
TOP VIEW 
D13 (MSB) | 1| 28] DGND 
Di2 | 2| 27; AGND 
D11] 3) 26] REF OUT 
D10 | 4] 125] CTRL AMP OUT 
D9] 5| 24] CTRL AMP IN 
D8 | 6) 23} Rser 
D7 22] AVee 
D6 | 8) 21] lout 
ps [9 tour 
D4 19} ARTN 
D3 18) DVee 
D2 [12 117] DGND 
D1 413 16} DVcc 
DO (LSB) [14 15] CLOCK 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 4071 3 


Copyright © Harris C tion 1997 
pyrig arris Corporation 10-208 
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Typical Application Circuit 


+5V 
HI5741 
0.01,F 
Vec (16) 
D13 D13 (MSB) (1) 
D12 D12 (2) 
Di1 D11(3) (24) CTRL AMP IN 0.1pF 
did D10 (4) (25) CTRL AMP OUT ae | 
D 
96) -5.2V (AVeg) 
OS D6 (6) (26) REF OUT 
D7 D7 (7) 
D6 D6 (8) (21) lout Co) D/A OUT 
D5 D5 (9) 640 = 
D4 D4 (10) 
- B3(11) 640 YJ 
D2 D2 (12) 
D1 D1 (13) 9760 
Do DO (LSB) (14) 
| | CLK (15) 
50 DGND (17, 28) 
V 


DVee (18) 


0.1pF he af 0.01,F | 0.01 F 0.1pF 
L a -5.2V (DVeEgE) -5.2V (AVege) a 4 


Functional Block Diagram 


(LSB) DO ¢ 
Di ¢ 
p2 ¢ 


D9 ¢ 
D10 ¢ 
D1i1i ¢ 
D1i2 ¢ 


(MSB) D13 ¢ 


CLK 4 , CTRL AMP 
i 


OVERDRIVEABLE 9 CTRL AMP 
VOLTAGE OUT 
REFERENCE 


“” 
o 
Lu 
- 
o 
Lud 
=> 
= 
O 
O 
< 
QO 


AVee AGND DVeg DGND Voc REF OUT Aset 
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Absolute Maximum Ratings Ty, = 25°C 


Digital Supply Voltage Vcc toDGND ................... +5.5V 
Negative Digital Supply Voltage DVeg toDGND........... -5.5V 
Negative Analog Supply Voltage AVeg to AGND, ARTN..... -5.5V 
Digital Input Voltages (D13-D0, CLK) to DGND..... DVcc to -0.5V 
Internal Reference Output Current................006- +2.5mA 
Voltage from CTRL AMP IN to AVege ..............-.. 2.5V to OV 
Control Amplifier Output Current .................0005 +2.5mA 
Reference Input Voltage Range ................. -3.7V to AVEE 
Analog Output Current (loijy) wsscsscccecesccccnaceucees 30mA 
Operating Conditions 

Temperature Range ............0c cece cee eees -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) Oya (°C/W) 
PUR PRCRNOG sax cnees sace wee 9 2 Es eews oe Ree 55 
SOIC PACKEGO . i savcnked sense onaensvaraces 70 

Maximum Junction Temperature 
PATEK <6 6n5048on ik eee dead ster sees eeed 8608 os 150°C 

Maximum Storage Temperature Range .......... -65°C to 150°C 

Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications AVeg, DVe¢ = -4.94 to -5.46V, Voc = +4.75 to +5.25V, Vref = Internal, 


Ta = 25°C 


PARAMETER 
SYSTEM PERFORMANCE 
Resolution 
Integral Linearity Error, INL 
(Notes 5) 
Differential Linearity Error, DNL 
Offset Error, los 
Full Scale Gain Error, FSE 
Offset Drift Coefficient 
Full Scale Output Current, Irs 


—_— 


Note 5) 
ote 5) 
otes 3, 5) 

Note 4) 


-— 


Output Voltage Compliance Range 
DYNAMIC CHARACTERISTICS 


(Note 4) 


Spurious Free Dynamic Range within a Window 
(Note 4) 


Spurious Free Dynamic Range to Nyquist 
(Notes 4) 


— 


TEST CONDITIONS 


“Best Fit Straight Line”, Ta = 25°C 
“Best Fit Straight Line”, Ta = -40°C to 85°C 


Throughput Rate Ci) CCSCSC~SC*OYC 
Output Voltage Setting Time [Ry = 642 Note 4)-Settingtoooze% «|_| tt 
ae ee 

[Singlet Gitch Area, GE (Peak) «(=O NOTO) CTC 
[OuputSiew Rate ———~——~«*dS RL = 6402, DAC Operatingin Latched Mode (Note) | __ 
[OutputRise Time _——=~=S=S~SS~S~SC*dRL = 6402, DAC Opratingin Latched Mode (Note )| - | 675 
R_ = 64Q, DAC Operating in Latched Mode (Note 4)} - | 

Teuk= 10 MSPS, four = 12MHz, 2MHz Span | 

oi = 20 MSPS, four = 5.056MnHz, MHz Span [| _-_ 

fcuk = 40 MSPS, four = 16MH2, 1OMHZ Span _[ - | 75 _ 
ok = 50 MSPS, foyr=101MHz, 2M2 Span | _ 

fou = 80 MSPS, four = S1MHz, 2MHz Span [ 

fcuk = 100 MSPS, four = 10.1MH2, eMHz Span_| 

fcLk = 10 MSPS, four = 1.023MHz,5MHz Span | - | 

fouk= 10 MSPS, four = 202MAz, SMZ Span [| _— 

[fcuk= 25 MSPS four= 202MHe, 12.5MHz Span] — | 7 
fciK= 50 MSPS, four = 5.056Mnz, 26MHZ Span | —_ 

ouk= 75 MSPS, our=7.52MHz, 97.5MHz Span] | 73_ 


fcLk = 100 MSPS, four = 10.1MHz, 50MHz Span} - | 71 | 


HI5741BI 
Ta = -40°C TO 85°C 


CMIN_] TYP | MAX | uNITs 


ce ee ee 
0 [ 7s | 56 


—_ 


4 3 
oO 


oO 


% 


-20.48 


PPE 


| 20 
LA 
1,000 | 
|_875 
470 


eo 


oo 


<j oO 
=i < 


~“S 
i<e) 


| 
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Electrical Specifications AVec, DVe¢ = -4.94 to -5.46V, Voc = +4.75 to +5.25V, Vref = Internal, 
Ta = 25°C (Continued) 


HI5741Bi 


Ta = -40°C TO 85°C 
Cwin_[ TP | MAX | units 


PARAMETER 


Multi-Tone Power Ratio 
(MTPR) 


TEST CONDITIONS 


8 Tones, no Clipping, 110kHz Spacing, 220kHz 
spacing between tones 4 and 5, fo_« = 20 MSPS 
(Note 7) 


REFERENCE/CONTROL AMPLIFIER 


(Notes 8 a BERG 
(Note 4) ee ee 
Capability 
intemal Reference Load Regulation __[[mer=Otolner=S0mA SCS to] | 
[Ampiierinputimpedance ‘iim SSCS SY 3 | i) 
4.0Vp_p Sine Wave Input, to Slew Rate Limited pop tp MHz 
(Note 4) 
[Amplifer Smal Signal Bandwiah [1 0Vpip Sine Wave Input, to dB Loss Note) | | 8 | — | wre 
Reference inputimpedance (OLIN) [Woes SSCS Pe | 
R, =50Q, 100mV Sine Wave, to -3dB Loss at loyt Le MHz 
(Note 4) 
DIGITAL INPUTS (D9-D0, CLK, INVERT) 
input ogc Fgh Votiage. Vin ___———«dzreto |) —SSCSCSC~C~—CSCSCS SP 
Input Logi Low Votage, Vu _——_‘fiWetwes) SSCS YY fr | 
(Notes) 00 
(Note) oe 
(Note) es Ce ee a 


TIMING CHARACTERISTICS 


Data SeupTime,tgy ________[SeeFinet(noe) ———S~—S—S 8 OT 
[Data Hold Time,tu.p | SeeFigue (Nowe) ———S 0s fms | |e 
Propagation Delay Time, top | SeeFiguet(nowe) SCS) a | 
[GLK Pulse Width, tow. owe [See Figure t (Note) Tao foes [ns 


3 
> 


ce 
ee ee 
Neco SSSSC~id NOS SSCS 2 
Power Dispaton _————~ir Notes) SSCS. | 20 | 
[Power Supply Rejection ato ___[Vooss% Verse SiC Sd CYT 


NOTES: 
2. Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 


3. Gain Error measured as the error in the ratio between the full scale output current and the current through Reet (typically 1.28mA). Ideally 
the ratio should be 16. 


. Parameter guaranteed by design or characterization and not production tested. 
. All devices are 100% tested at 25°C. 
. Dynamic Range must be limited to a 1V swing within the compliance range. 


. In testing MTPR, tone frequencies ranged from 1.95MHz to 3.05MHz. The ratio is measured as the range from peak power to peak 
distortion in the region of removed tones. 


NO ff 
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Timing Diagrams 


D13-D0 
Vv GLITCH AREA = '/> (H x W) 

! 
I 
em ----- HEIGHT (H) 

lout ; =~ 
I 
| 
I 
| rae 

tpp-—=_—ss I=®— tseETT | ¢— WIDTH (W) t(ps) 
FIGURE 1. FULL SCALE SETTLING TIME DIAGRAM FIGURE 2. PEAK GLITCH AEA (SINGLET) MEASUREMENT 


METHOD 


'  tpwi | —s tpwa 
ef — = — sabe — fm 


tseTT 
ions —pe| 
1 ' 


FIGURE 3. PROPAGATION DELAY, SETUP TIME, HOLD TIME AND MINIMUM PULSE WIDTH DIAGRAM 
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Typical Performance Curves 


NOTE: CLOCK FREQUENCY DOES NOT 
ALTER POWER DISSIPATION 


600 
-50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 
TEMPERATURE (°C) 


FIGURE 4. TYPICAL POWER DISSIPATION OVER 
TEMPERATURE 


(LSB) 


"0 5000 10,000 15,000 
CODE 


FIGURE 6. TYPICAL INL PERFORMANCE 


(uA) 


SannnED 
COPPA 
CC 
CPT 


0 
-50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 
TEMPERATURE (°C) 


FIGURE 8. TYPICAL OFFSET CURRENT OVER 
TEMPERATURE 


-1.27 
-50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 
TEMPERATURE (°C) 


FIGURE 5. TYPICAL REFERENCE VOLTAGE OVER 
TEMPERATURE 


0.28 MAT UIA iN My NM i \t AV AH 


0 5000 10,000 15,000 


(%) 


2.2 
-50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 
TEMPERATURE (°C) 


FIGURE 9. TYPICAL GAIN ERROR OVER TEMPERATURE 
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Typical Performance Curves (continued) 


10 20 30 
fo_k (MSPS) 


40 50 60 70 8090100 


FIGURE 10. SFDR vs CLOCK FREQUENCY 


A 
ae ee eee 
ee EE 
5 10 


fout (MSPS) 


641 tox = 50 MSPS 
62 


FIGURE 12. SFDR vs foyt 


15 20 


64+ fo_k = 100 MSPS 
62 
fouT we 


FIGURE 14. SFDR vs foyt 


50 60 70 8090100 
foLk cn 


FIGURE 11. SFDR vs CLOCK FREQUENCY 


CCN 
ll 
5 10 15 


fout (MHz) 


FIGURE 13. SFDR vs foyt 


50 60 70 8090100 


fo_k (MSPS) 


FIGURE 15. HARMONIC DISTORTION vs CLOCK FREQUENCY 
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foLk = 100 MSPS 
fout = 26.6MHz 
SFDR = 77.5dBe 


Typical Performance Curves (continued) 


SPAN 2.000MHz 
FIGURE 16. TYPICAL MTPR PERFORMANCE FIGURE 17. SFDR WITHIN A WINDOW 


=ersTTTT z 

A: 240pV A: 300L.V 

fem 

sass assslassalassalsnscEsvalsssalassalassalane 
: - 


GLITCH = (0.5) ¢ (300:V) ¢ (3.3ns) 
= 0.495pV/s 


START 1.900MHz STOP 3.100MHz CENTER 26.637MHz 


CH1 1.00mV~ M 5.0ns CH1 \ -16.9mV CH1 1.00mV M 5.0ns CHi \ -109mV 
FIGURE 18. TYPICAL SETTLING TIME PERFORMANCE FIGURE 19. TYPICAL GLITCH ENERGY 


Pin Descriptions 


PIN DESCRIPTION 


1-14 D13 (MSB) thru | Digital Data Bit 13, the Most Significant Bit through Digital Data Bit 0, the Least Significant Bit. 
DO (LSB) 
| te CLK Data Clock Pin 100kHz to 100 MSPS. 
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Detailed Description 


The HI5741 is a 14-bit, current out D/A converter. The DAC 
can convert at 100 MSPS and runs on +5V and -5.2V sup- 
plies. The architecture is an R/2R and segmented switching 
current cell arrangement to reduce glitch. Laser trimming is 
employed to tune linearity to true 14-bit levels. The HI5741 
achieves its low power and high speed performance from an 
advanced BiCMOS process. The HI5741 consumes 650mW 
(typical) and has an improved hold time of only 0.25ns (typi- 
cal). The HI5741 is an excellent converter for use in commu- 
nications applications and high performance video systems. 


Digital Inputs 


The HI5741 is a TTL/CMOS compatible D/A. Data is latched 
by a Master register. Once latched, data inputs DO (LSB) 
through D13 (MSB) are internally translated from TTL to ECL. 
The internal latch and switching current source controls are 
implemented in ECL technology to maintain high switching 
speeds and low noise characteristics. 


Decoder/Driver 


The architecture employs a split R/2R ladder and segmented 
current source arrangement. Bits DO (LSB) through D9 directly 
drive a typical R/2R network to create the binary weighted cur- 
rent sources. Bits D10 through D13 (MSB) pass through a 
“thermometer” decoder that converts the incoming data into 15 
individual segmented current source enables. This split archi- 
tecture helps to improve glitch, thus resulting in a 
more constant glitch characteristic across the entire output 
transfer function. 


Clocks and Termination 


The internal 14-bit register is updated on the rising edge of the 
clock. Since the HI5741 clock rate can run to 100 MSPS, to 
minimize reflections and clock noise into the part, proper ter- 
mination should be used. In PCB layout clock runs should be 
kept short and have a minimum of loads. To guarantee consis- 
tent results from board to board, controlled impedance PCBs 
should be used with a characteristic line impedance Zo of 
502. 


To terminate the clock line, a shunt terminator to ground is the 
most effective type at a 100 MSPS clock rate. A typical value 
for termination can be determined by the equation, 


Rr =Zo 


for the termination resistor. For a controlled impedance board 
with a Zo of 50Q, the Rr = 50Q. Shunt termination is best 
used at the receiving end of the transmission line or as close 
to the HI5741 CLK pin as possible. 


HI5741 
DAC 


FIGURE 20. HI5741 CLOCK LINE TERMINATION 


Rise and Fall times and propagation delay of the line will be 
affected by the shunt terminator. The terminator should be 
connected to DGND. 


Noise Reduction 


To reduce power supply noise, separate analog and digital 
power supplies should be used with 0.1uF and 0.01pF 
ceramic capacitors placed as close to the body of the 
HI5741 as possible on the analog (AVeg) and digital (DVeF) 
supplies. The analog and digital ground returns should be 
connected together back at the device to ensure proper 
operation on power up. The Vcc power pin should also be 
decoupled with a 0.1p,F capacitor. 


Reduction of digital noise (caused by high slew rates on the bit 
inputs to the HI5741) can be accomplished through the use of 
series termination resistors. The use of serial resistors, which 
combine with the input capacitance of the HI5741 to induce a 
low pass filter characteristic, keeps the noise generated by high 
slew rate digital signals from corrupting the high accuracy ana- 
log data. Refer to Application Note AN9619 “Optimizing setup 
conditions for high accuracy measurements of the HI5741” for 
further details on selecting the proper value of series termina- 
tion to meet application specific needs. 


Reference 


The internal reference of the HI5741 is a -1.23V (typical) 
bandgap voltage reference with 501.V/°C of temperature drift 
(typical). The internal reference is connected to the Control 
Amplifier which in turn drives the segmented current cells. 
Reference Out (REF OUT) is internally connected to the 
Control Amplifier. The Control Amplifier Output (CTRL OUT) 
should be used to drive the Control Amplifier Input (CTRL 
IN) and a 0.1,,F capacitor to analog Veg. This improves set- 
tling time by providing an AC ground at the current source 
base node. The Full Scale Output Current is controlled by 
the REF OUT pin and the set resistor (Rget). The ratio is: 


lout (Full Scale) = (VpReF out/Rset) x 16. 


The internal reference (REF OUT) can be overdriven with a 
more precise external reference to provide better perfor- 
mance over temperature. Figure 21 illustrates a typical exter- 
nal reference configuration. 


HI5741 


(26) REF OUT 


-5.2V 
FIGURE 21. EXTERNAL REFERENCE CONFIGURATION 


Multiplying Capability 


The HI5741 can operate in two different multiplying configu- 
rations. For frequencies from DC to 100kHz, a signal of up to 
0.6Vp.p can be applied directly to the REF OUT pin as 
shown in Figure 22. 
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HI5741 


HI5741 


FIGURE 22. LOW FREQUENCY MULTIPLYING BANDWIDTH 
CIRCUIT 


The signal must have a DC value such that the peak nega- 
tive voltage equals -1.25V. Alternately, a capacitor can be 
placed in series with REF OUT if a DC multiplying is not 
required. The lower input bandwidth can be calculated using 
the following formula: 


a ee 
IN“ (2%)(1400) (Fy) 


For multiplying frequencies above 100kHz, the CTRL IN pin 
can be driven directly as seen in Figure 23. 


HI5741 
CTRL OUT 


VIN 


502 


FIGURE 23. HIGH FREQUENCY MULTIPLYING BANDWIDTH 
CIRCUIT 


The nominal input/output relationship is defined as: 


Alout = BOQ 


In order to prevent the full scale output current from 
exceeding 20.48mA, the Rset resistor must be adjusted 
according to the following equation: 


Ret = sOvREr 

. V 
IN(PEAK 

lour(Full scale) -(—MFEAN) 


The circuit in Figure 23 can be tuned to adjust the lower 
cutoff frequency by adjusting capacitor values. Table 1 below 
illustrates the relationship: 


TABLE 1. CAPACITOR SELECTION 


Also, the input signal must be limited to 1Vp.p to avoid 
distortion in the DAC output current caused by excessive 
modulation of the internal current sources. 


Outputs 


The outputs Ioy7 and lopT are complementary current 
outputs. Current is steered to either out or lOyT in proportion 
to the digital input code. The sum of the two currents is always 
equal to the full scale current minus one LSB. The current out- 
put can be converted to a voltage by using a load resistor. Both 
current outputs should have the same load resistor (64Q typi- 
cally). By using a 64Q load on the output, a 50Q effective output 
resistance (Rout) is achieved due to the 227Q (+15%) parallel 
resistance seen looking back into the output. This is the nomi- 
nal value of the R2R ladder of the DAC. The 502 output is 
needed for matching the output with a 50Q line. The load resis- 
tor should be chosen so that the effective output resistance 
(Rout) matches the line resistance. The output voltage is: 


Vout = !out x Rout: 

lout is defined in the reference section. IOUT is not trimmed 
to 14 bits, so it is not recommended that it be used in 
conjunction with loyrt in a differential-to-single-ended appli- 
cation. The compliance range of the output is from -1.25V to 
+3.0V, with a 1Vp_p voltage swing allowed within this range. 


TABLE 2. INPUT CODING vs CURRENT OUTPUT 


INPUT CODE (D11-D0) 
11111117 1111 


1000 0000 0000 
0000 0000 0000 


Settling Time 


The settling time of the HI5741 is measured as the time it 
takes for the output of the DAC to settle to within a defined 
error band of its final value during a "% gth (code 0000... to 
0001 O000.... or 1111... to 1110 1111...) scale transition. In 
defining settling time specifications for the HI5741, two levels 
of accuracy are considered. The accuracy levels defined for 
the HI5741 are 12 (or 0.024%) and 13 (0.012%) bits. 


Glitch 


The output glitch of the HI5741 is measured by summing the 
area under the switching transients after an update of the 
DAC. Glitch is caused by the time skew between bits of the 
incoming digital data. Typically, the switching time of digital 
inputs are asymmetrical meaning that the turn off time is 
faster than the turn on time (TTL designs). Unequal delay 
paths through the device can also cause one current source 
to change before another. In order to minimize this, the Harris 
HI5741 employes an internal register, just prior to the current 
sources, which is updated on the clock edge. Lastly, the worst 
case glitch on traditional D/A converters usually occurs at the 
major transition (i.e., code 8191 to 8192). However, due to 
the split architecture of the HI5741, the glitch is moved to the 
1023 to 1024 transition (and every subsequent 1024 code 
transitions thereafter). This split R/2R segmented current 
source architecture, which decreases the amount of current 
switching at any one time, makes the glitch practically 
constant over the entire output range. By making the glitch a 
constant size over the entire output range this effectively 
integrates this error out of the end application. 


In measuring the output glitch of the HI5741 the output is 
terminated into a 64Q load. The glitch is measured at any 
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HI5741 


one of the current cell carry (code 1023 to 1024 transition or 
any multiple thereof) throughout the DACs output range. 


The glitch energy is calculated by measuring the area under 
the voltage-time curve. Figure 25 shows the area considered 
as glitch when changing the DAC output. Units are typically 
specified in picoVolt/seconds (pV/s). 


HI5741 400MHz 


LOW PASS 
FILTER 


SCOPE 


(21) lout 


50Q 


FIGURE 24. GLITCH TEST CIRCUIT 


GLITCH ENERGY = (a x t)/2 


FIGURE 25. MEASURING GLITCH ENERGY 


Definition of Specifications 


integral Linearity Error, INL, is the measure of the worst 
case point that deviates from a best fit straight line of data 
values along the transfer curve. 


Differential Linearity Error, DNL, is the measure of the error 
in step size between adjacent codes along the converters 
transfer curve. Ideally, the step size is 1 LSB from one code to 
the next, and the deviation from 1 LSB is known as DNL. A DNL 
specification of greater than -1 LSB guarantees monotonicity. 


Feedthru, is the measure of the undesirable switching noise 
coupled to the output. 


Output Voltage Full Scale Settling Time, is the time 
required from the 50% point on the clock input for a full scale 
step to settle within an +"/p LSB error band. 

Output Voltage Small Scale Settling Time, is the time 
required from the 50% point on the clock input for a 100mV 
step to settle within an "fp LSB error band. This is used by 
applications reconstructing highly correlated signals such as 
sine waves with more than 5 points per cycle. 

Glitch Area, GE, is the switching transient appearing on the 
output during a code transition. It is measured as the area 
under the curve and expressed as a volt « time specification 
(typically pV-s). 

Differential Gain, AAy, is the gain error from an ideal sine 
wave with a normalized amplitude. 

Differential Phase, A®, is the phase error from an ideal sine 
wave. 


Applications 


Bipolar Applications 

To convert the output of the HI5741 to a bipolar 4V swing, 
the following applications circuit is recommended. The 
reference can only provide 125A of drive, so it must be 
buffered to create the bipolar offset current needed to gener- 
ate the -2V output with all bits ‘off’. The output current must 
be converted to a voltage and then gained up and offset to 
produce the proper swing. Care must be taken to compen- 
sate for the voltage swing and error. 


HI5741 


lout 
(21) 


HFA1100 
FIGURE 26. BIPOLAR OUTPUT CONFIGURATION 


Interfacing to the HSP45106 NCO-16 


The HSP45106 is a 16-bit Numerically Controlled Oscillator 
(NCO). The HSP45106 can be used to generate various modu- 
lation schemes for Direct Digital Synthesis (DDS) applications. 
Figure 27 shows how to interface an HI5741 to the HSP45106. 


Signal to Noise Ratio, SNR, is the ratio of a fundamental to 
the noise floor of the analog output. The first 5 harmonics 
are ignored, and an output filter of "fp the clock frequency is 
used to eliminate alias products. 


Total Harmonic Distortion, THD, is the ratio of the DAC 
output fundamental to the RMS sum of the harmonics. The 
first 5 harmonics are included, and an output filter of "fp the 
clock frequency is used to eliminate alias products. 


Spurious Free Dynamic Range, SFDR, is the amplitude 
difference from a fundamental to the largest harmonically or 
non-harmonically related spur. A sine wave is loaded into the 
D/A and the output filtered at "fp the clock frequency to elim- 
inate noise from clocking alias terms. 


Multi-Tone Power Ratio, MTPR, is the amplitude difference 
from peak amplitude to peak distortion (either harmonic or 
non-harmonic). An 8 tone pattern is loaded into the D/A. The 
tone spacing of this pattern (Af) is created such that tones 1 
through 4 and 5 through 8 are spaced equally, with tones 4 
and 5 spaced at 2Af. MTPR is measured as the dynamic 
range from peak power to peak distortion in the 2Af gap. 


intermodulation Distortion, IMD, is the measure of the 
sum and difference products produced when a two tone 
input is driven into the D/A. The distortion products created 
will arise at sum and difference frequencies of the two tones. 
IMD can be calculated using the following equation: 


IMD = 20Log (RMS of Sum and Difference Distortion Products) 
7 (RMS Amplitude of the Fundamental) 
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BASEBAND TO RF 
BIT FILTER }— UP-CONVERT 
STREAM STAGE 


Ri 


PMSEL DACSTRBh 


SIN15 
SIN14 


C AMP IN 4 
* C ETT ae 5.2V_A 


C AMP OUT 


CONTROLLER 


-5.2V_A V 


- HSP45106 


FIGURE 27. PSK MODULATOR USING THE HI5741 AND HSP45106 16-BIT NCO 
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HI5760 


10-Bit, 125 MSPS, High Speed D/A Converter 


tt SEMICONDUCTOR 


PRELIMINARY 


August 1997 


Features 

* THROUGHPUT Rale .sscssvcrsscvirsawenes 125 MSPS 
e Low Power .........ceece0s 190mW at 5V, 45mW at 3V 
e Power Down Mode............02s0000: 25mW at 5V 


Integral Linearity Error ...........0.e0e00s 
e Programmable Full Scale Output Current... 2mA to 20mA 
e Fully Differential Current Outputs 


e Internal 1.2V Temperature Compensated Bandgap 
Voltage Reference 


Single +5V or +3V Power Supplies 


Low Glitch Energy 
¢ CMOS Compatible Inputs 
¢ Excellent Spurious Free Dynamic Range 


Applications 

¢ Wireless Communications 

¢ Direct Digital Frequency Synthesis 
¢ Signal Reconstruction 

¢ Test Instrumentation 

¢ High Resolution Imaging Systems 
e Arbitrary Waveform Generators 


Description 


The HI5760 is a 10-bit, 125 MSPS, high speed, low power, 
D/A converter which is implemented in 0.6um CMOS 
process. Operating from a single +5V supply, the converter 
provides 20mA of full scale output current and includes 
edge-triggered CMOS input data latches. Low glitch energy 
and excellent frequency domain performance are achieved 
using a segmented current source architecture. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 


HI5760BIB -40to85 |28Ld SOIC M28.3 


Pinout 


HI5760 
(SOIC) 
TOP VIEW 


D9 (MSB) [7 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 


28] CLK 
DVpp 
26] DCOM 
25] NC 

24] AVpp 
[23] COMP2 
IOUTA 
27] lOUTB 
20} ACOM 
19] COMP1 
16] FSADJ 
REFIO 
16] REFLO 
15] SLEEP 


File Number 


10-220 


4320 


Typical Applications Circuit 


+5V (DVpp) BEAD 


be iol 


Functional Block Diagram 


(LSB) DO ¢ 
D1 ¢ 
D2 ¢ 
D3 ¢ 
D4 ¢ 
D5 ¢ 
D6 ¢ 
D7 ¢ 
D8 ¢ 


(MSB) D9 ¢ 


CLK § 


AVpp ACOM DVpp ODCOM 


HI5760 


HI5760 
(11-14, 25) (15) SLEEP 
(16) REFLO 
D9 (MSB) (1) 
D8 (2) (17) REFIO 
D7 (3) 
D6 (4) 
Ds (5) (18) FSADJ 
D4 (6) 
D3 (7) (22) 1OUTA 
D2 (8) 
D1 (9) 
DO (LSB) (10) (21) 1OUTB 
CLK (28) 
(23) COMP2 
(19) COMP1 
DCOM (28) (20) ACOM 
DVpp (27) (24) AVpp 
FERRITE 
BEAD 


= 10uH vy 


INT/EXT 
REFERENCE 
SELECT 


SLEEP REFLO 
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1.91kQ 


fo) pAout V 


0.1pF 


BEAD +5V (AVpp) 


10,H ” 10uF 


1OUTA lOUTB 


CASCODE 
CURRENT 
SOURCE 


5 LSBs 
+ 


31 MSB 
SEGMENTS 


BIAS 
VOLTAGE GENERATION 


REFERENCE 


REFIO FSADJ 
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Absolute Maximum Ratings 


Digital Supply Voltage DVpp to DCOM .................. +5.5V 
Analog Supply Voltage AVpp to ACOM.................. +5.5V 
Grounds, ACOM TO DCOM .................. -0.3V To + 0.3V 
Digital Input Voltages (D9-D0, CLK, SLEEP)........ DVpp + 0.3V 
Internal Reference Output Current..................... +50yA 
Reference Input Voltage Range ............... +0.1V to +1.25V 
Analog Output Current (IoyT) «2.6.6 eee eee ee eee 20mA 


Operating Conditions 


Temperature Range ..............0e cece eees -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) 8ya(CCMW) 
SUIS PACKROG 6 csicenscdgaeecasauwans anes 70 

Maximum Power Dissipation 

PROTGOs inna weSeateey saneteuss ede been hence view a ve TBD 
Maximum Junction Temperature 

Li eee er eee ree ere rT eT eT eee ee Cee ETT Cree 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications = AVpp = +5V, DVpp = +5V, Vref = Internal 1.2V, IOUTFS = 20mA, 


Ta = 25°C for All Typical Values 


PARAMETER 
SYSTEM PERFORMANCE 
Resolution 
Integral Linearity Error, INL 
Differential Linearity Error, DNL 
Offset Error, los 
Full Scale Gain Error, FSE 


Offset Drift Coefficient 


Full Scale Output Current, Irs 
Output Voltage Compliance Range 
DYNAMIC CHARACTERISTICS 


Note 3) 
Throughput Rate (Note 3) 
Output Voltage Full Scale Step Settling Time, 


Output Voltage Small Step Settling Time, tsETT sm 


Singlet Glitch Area, GE (Peak Glitch) 
Doublet Glitch Area, (Net Glitch) 

Output Slew Rate R_ = 50Q 
Output Rise Time Note 3) 
Output Fall Time Note 3) 


Output Noise 


- 
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m 
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TEST CONDITIONS 


“Best Fit” Straight Line 


With Internal Reference (Note 2) 


Without Internal Reference (Note 2) 


~_—~ 
2 
fe} 
mal 
© 

= 
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To +0.5 LSB Error Band, R,_ = 50Q (Note 3) 


100mV Step To +0.5 LSB Error Band, 
R,_ = 50Q (Note 3) 


R= 502 (Note 3) 


IOUTFS = 20mA (Note 3) 
IOUTFS = 2mA (Note 3) 
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HI5760BIB 
Ta = -40°C TO 85°C 


Tv [wax 


UNITS 


LSB 
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% FSR 
% FSR 
% FSR 
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Electrical Specifications = AVpp = +5V, DVpp = +5V, Vrer = Internal 1.2V, IOUTFS = 20mA, 
Ta = 25°C for All Typical Values (Continued) 


PARAMETER 
Spurious Free Dynamic Range, SFDR to Nyquist 


Spurious Free Dynamic Range, SFDR Within a 
Window 


Signal to Noise Ratio (SNR) to Nyquist 
(Ignoring the First 5 Harmonics) 


Signal to Noise Ratio + Distortion (SINAD) to Nyquist 


Total Harmonic Distortion (THD) to Nyquist 


Intermodulation Distortion (IMD) to Nyquist 


HI5760BIB 
Ta = -40°C TO 85°C 
TEST CONDITIONS | MIN | TYP | MAX | UNITS 


foLK = 125 MSPS, fout = 2.02MHz, 2MHz TBD dBc 
Span (Notes 3, 4) 
dBc 


foLK = 125 MSPS, foyt = 25MHz, 2MHz 
Span (Notes 3, 4) 


foLK = 100 MSPS, fout = 2.02MHz, 50MHz 
Span (Notes 3, 4) 


fCLK = 100 MSPS, fout = 25MHz, 50MHz 
Span (Notes 3, 4) 
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foLk = 125 MSPS, fout = 2.02MHz, 2MHz 
Span (Notes 3, 4) 


foLk = 125 MSPS, four = 25MHz, 2MHz 
Span (Notes 3, 4) 


ad 
w 


fCLK = 100 MSPS, foytT = 2.02MHz, 2MHz 
Span (Notes 3, 4) 


foLK = 100 MSPS, foyt = 25MHz, 2MHz 
Span (Notes 3, 4) 


foLk = 125 MSPS, foyt = 2.02MHz, 
(Notes 3, 4) 


foLK = 125 MSPS, foyt = 25MHz 
(Notes 3, 4) 


fcLK = 100 MSPS, foyt = 2.02MHz, 
(Notes 3, 4) 


foLK = 100 MSPS, foyt = 25MHz 
(Notes 3, 4) 


fCLK = 125 MSPS, fout = 2.02MHz, 
(Notes 3, 4) 


foLK = 125 MSPS, foyt = 25MHz 
(Notes 3, 4) 


foLK = 100 MSPS, foyt = 2.02MHz, 
(Notes 3, 4) 


foLK = 100 MSPS, fout = 25MHz 
(Notes 3, 4) 


fcLK = 125 MSPS, fout = 2.02MHz, 
(Notes 3, 4) 


foLK = 125 MSPS, foyt = 25MHz 
(Notes 3, 4) 


foLK = 100 MSPS, fout = 2.02MHz, 
(Notes 3, 4) 


foLK = 100 MSPS, fout = 25MHz 
(Notes 3, 4) 
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foLk = 125 MSPS, foyutTi = 800kHz, 
fouT2 = 900kHz (Notes 3, 4) 


foLk = 100 MSPS, foyti = 800kHz, 
fouT2 = 900kHz (Notes 3, 4) 
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Electrical Specifications AVpp = +5V, DVpp = +5V, Vrer = Internal 1.2V, IOUTFS = 20mA, 
Ta = 25°C for All Typical Values (Continued) 


HI5760BIB 
Ta = -40°C TO 85°C 


Dan [ove [wax] us 
VOLTAGE REFERENCE 


Internal Reference Voltage Drift (Note 3) | - | tao] - TA @ 


PARAMETER TEST CONDITIONS 
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ee 
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TIMING CHARACTERISTICS 


Daa SoupTine.iy ______————=*di ae Nae —Te—-[ = 
Baa oaTie.tuo fee Faves nas ef 
See Fae No a 
Se ef 


POWER SUPPLY CHARACTERISITICS 


Analog Supply Current (laypp) 

Digital Supply Current (Ipypp) 

Supply Current (laypp) Sleep Mode 

Power Dissipation 
(3V, IOUTFS = 2mA) 

Power Supply Rejection Ratio 

NOTES: 


2. Gain Error measured as the error in the ratio between the full scale output current and the current through Reger (typically 625A). Ideally 
the ratio should be 32. 


3. Parameter guaranteed by design or characterization and not production tested. 
4. Spectral measurements made without external filtering. 
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oi 
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Timing Diagrams 


D9-D0 1 
GLITCH AREA = 1/5 (H x W) 


-sees HEIGHT (H) 


WIDTH (W) t(ps) 


FIGURE 1. FULL SCALE SETTLING TIME DIAGRAM FIGURE 2. PEAK GLITCH AREA (SINGLET) MEASUREMENT 
METHOD 


louT 


FIGURE 3. PROPAGATION DELAY, SETUP TIME, HOLD TIME AND MINIMUM PULSE WIDTH DIAGRAM 
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Pin Descriptions 


Definition of Specifications 


Integral Linearity Error, INL, is the measure of the worst 
case point that deviates from a best fit straight line of data 
values along the transfer curve. 


Differential Linearity Error, DNL, is the measure of the 
step size output deviation from code to code. Ideally the step 
size should be 1 LSB. A DNL specification of 1 LSB or less 
guarantees monotonicity. 


Feedthru, is the measure of the undesirable switching noise 
coupled to the output. 


Output Voltage Full Scale Settling Time, is the time 
required from the 50% pont on the clock input for a full scale 
step to settle within an "fp LSB error band. 


Output Voltage Small Scale Settling Time, is the time 
required from the 50% point on the clock input for a 100mV 
step to settle within an "fp LSB error band. This is used by 
applications reconstructing highly correlated signals such as 
sine waves with more than 5 points per cycle. 


Glitch Area, GE, is the switching transient appearing on the 
output during a code transition. It is measured as the area 
under the curve and expressed as a Volt-Time specification. 


Differential Gain, AAy, is the gain error from an ideal sine 
wave with a normalized amplitude. 


DO (LSB) Through | Digital Data Bit 0, the Least Significant Bit through Digital Data Bit 9, the Most Significant Bit. 
D9 (MSB) 


Control Pin for Power-Down mode. Can be put into sleep mode with active high or normal mode by 
leaving unterminated due to active pull-down circuit. 
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Differential Phase, A®, is the phase error from and ideal 
sine wave. 


Signal to Noise Ratio, SNR, is the ratio of a fundamental to 
the noise floor of the analog output. The first 5 harmonics 
are ignored, and an output filter of "fp the clock frequency is 
used to eliminate alias products. 


Total Harmonic Distortion, THD, is the ratio of the DAC 
output fundamental to the RMS sum of the harmonics. The 
first 5 harmonics are included, and an output filter of "fp the 
clock frequency is used to eliminate alias products. 


Spurious Free Dynamic Range, SFDR, is the amplitude 
difference from a fundamental to the largest harmonically or 
non-harmonically related spur. A eine wave is loaded into the 
D/A and the output filtered at "fp the clock frequency to 
eliminate noise from clocking alias terms. 


intermodulation Distortion, IMD is the measure of the sum 
and difference products produced when a two tone input is 
driven into the D/A. The distortion products created will arise 
at sum and difference frequencies of the two tones. IMD is: 


IMD = 20log (RMS of sum and difference distortion products) 
~ (RMS amplitude of the fundamental) j 
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Features 
e¢ Throughput Rate 
e Low Power 
Differential Linearity Error ............... +0.5 LSB 
TTL/CMOS Compatible Inputs 
Built in Bandgap Voltage Reference 
Power Down and Blanking Control Pins 
Direct Replacement for Sony CXD2306 


Applications 
e Wireless Communications 
Direct Digital Frequency Synthesis 
Signal Reconstruction 
Test Equipment 
High Resolution Imaging and Graphics Systems 


Arbitrary Waveform Generators 


Pinout 


HI5780 


10-Bit, 80 MSPS, High Speed, 
Low Power D/A Converter 


Description 


The HI5780 is a 10-bit, 80 MSPS, high speed, low power 

CMOS D/A converter. The converter incorporates a 10-bit input 

data register with current outputs. The HI5780 includes a power 

down feature that reduces power consumption and a blanking 

control. The on-chip bandgap reference can be used to set the 
TEMP. 


output current range of the D/A. 
HI5780JCQ -20 to 75 32 Ld MQFP- | Q32.7x7-S 
HI5780-EV p25 Evaluation Kit 


Ordering Information 


PART 
NUMBER 


HI5780 


wo 
@n 


D9 (MSB) 
NC 


on Oat oabnDN — 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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HI5780 


Typical Application Circuit 


Hi5780 


DVpp (13, 28) (20, 21) AVpp 
Hl DS D9 (MSB) (7) 


50Q 


DGND (8, 12,15, 16, 
26, 27, 29) 


POWER DOWN CONTROL PD (11) (25) AGND 


Functional Block Diagram 


i - 
D3 ¢ 
D4 a ; ¥ louT 


D8 


a ° e ° . 


(MSB) D9 


9 VG 
- Y Veer 
CURRENT CELLS 5 
(FOR FULL SCALE) 


BLK 


l 


CLOCK 


— GENERATOR 


VB 


BANDGAP 


— 


PD VOLTAGE 4 REF oyt 


REFERENCE 
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HI5780 


Absolute Maximum Ratings 


Supply Voltage Vpp toDGND ...................20008- +7.0V 
Digital Input Voltages (D9-D0, CLK, BLANK, PD) .... Vpp to -0.5V 
Internal Reference Output Current.................... +2.5mA 
Reference Input Voltage Range (Vparr).........--. Vpp to -0.5 V 
Analog Output Current (loyt).. 6... eee ee ee eee 15mA 


Operating Conditions 
Temperature Range, HI5780BIx................. -20°C to 75°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) 854 (°C/W) 
MOP PACKAOS .4.. ac cide reeeerake nee banaw ea 122 

Maximum Junction Temperature (Plastic Package) 

Maximum Storage Temperature Range .......... -65°C to 150°C 

Maximum Lead Temperature (Soldering 10s)............. 300°C 


(MQFP - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. 8), is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications = AVpp, DVpp = 5.00V, Vrer = 2.0V, fox = 80 MSPS, Ri oap = 200Q, Rerer = 3.3kQ, 


Ty = 25°C 


PARAMETER 


SYSTEM PERFORMANCE 


DYNAMIC CHARACTERISTICS 


Spurious Free Dynamic Range, 


SFDR to Nyquist (Note 3) 


(Note 3) 


a Window 


Internal Reference Voltage, REFoyrt (Notes 4, 5) 


TEST CONDITIONS 


rection 
| 


Throughput Rate (Note 3) 80.0 


Output Voltage Full Scale Step To +0.5 LSB Error Band R, = 75Q, 10-Bit Accuracy 
Settling Time, tsett FS (Note 3) 


Singlet Glitch Area, GE (Peak) Rioap = 75Q, Vout = 1.0Vp.p (Note 3) 
Differential Gain, DG (Note 4) 


foLk = 40 MSPS, foyt = 2.02MHz, 20MHz Span 


foik = 80 MSPS, foyt = 2.02MHz, 40MHz Span 


Spurious Free Dynamic Range, SFDR Within | fo.« = 40 MSPS, foyr = 2.02MHz, 2MHz Span (Note 3) 


= 10MHz, 2MHz Span (Note 3) 
foLk = 80 MSPS, fout = 20MHz, 2MHz Span (Note 3) 


foik = 40 MSPS, fout 


Internal Reference Voltage Drift (Note 3) 
Reference Input Voltage Range, Veer (Note 3) 


1.25 


oO 


LSB 
LSB 


al 
io) 


—_ awh 
© Oo 


MSPS 


4 = 3 
Comm ma) <i|3/t 
3)" 1a <} 3] >] > 
” 


dBc 


dBc 


Bc 


oS 
w > — 
a eo S io 
mi ot on iN) 


ale 


75.0 
73.5 


dBc 
dBc 


dBc 


1.3 


0.34 mV/°C 


< 
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HI5780 


Electrical Specifications = AVpp, DVpp = 5.00V, Vrgr = 2.0V, fo_x = 80 MSPS, Ri gap = 200Q, Rrer = 3.3kQ, 
Ta = 25°C (Continued) 


HI5780JCQ 
PARAMETER TEST CONDITIONS | MIN | TYP | MAX | UNITS 


DIGITAL INPUTS (D9-D0, CLK, BLK, PD) 


8 ee 
nie 

TIMING CHARACTERISTICS 

POWER SUPPLY CHARACTERISTICS 
aoe 45 


NOTES: 
2. Rioap is connected to lout (pin 24) and Rre_r is connected to Iper (pin 17). 
3. Parameter guaranteed by design cr characterization and not production tested. 
4. Typical values are test results at Ta = 25°C. 
5. All devices are 100% tested at 25°C. 


o> wi 
ye) . 
on oO 


Timing Diagrams 


D9-D0 


~ 1%) LSB ERROR BAND Vv GLITCH AREA = '/2 (H x W) 


lout Pim ----- HEIGHT (H) 


WIDTH (W) t(ps) 


FIGURE 1. FULL SCALE SETTLING TIME DIAGRAM FIGURE 2. PEAK GLITCH AREA (SINGLET) MEASUREMENT 
METHOD 
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HI5780 
Timing Diagrams (Continued) 


1 tpws 1 tpwe 


Si a sa Sak, mea es Sacks, a No sew eeigltce ein  cak toe pe dee ads mpc wd 1b 1, LSB 
CHANGE 


 -*- 1, LSB 
CHANGE 


t 
ete ETT _as 


FIGURE 3. PROPAGATION DELAY, SETUP TIME AND MINIMUM PULSE WIDTH DIAGRAM 


Pin Descriptions 
a 


1-7, 30-32 DO (LSB) thru | Digital Data Bit 0, the least significant bit thru digital data Bit 9, the most significant bit. 
D9 (MSB) 


) 9 | CLK] Data Clock Pin 100kHz to 8OMHz. 


DVpp 


Analog Supply +5V. 


Output Blanking pin. When set (‘1’) this pin zeros the Ioyz pin. 


Analog Ground Supply Current Return pin. 


Power Down Mode pin. This pin when set (‘1’) places the HI5780 in lower power mode and zeros the 
output. Power consumption is reduced. 
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HI5780 


Typical Performance Curves 


0 100 200 300 400 500 600 700 800 900 1000 
CODE 


FIGURE 4. DIFFERENTIAL LINEARITY 


mA 


5 
10 20 30 40 50 60 70 80 90 100 
MHz 


FIGURE 6. POWER SUPPLY CURRENT vs CLOCK FREQUENCY 


ATTEN 10dB 
R, -10.0dBm 


SeTES ar er Boot 2 Ji ede hed 
CENTER 2.000MHz 
RBW 300Hz 


VBW 300Hz 


LSB 


0 
0 100 200 300 400 500 600 700 800 900 1000 
CODE 


FIGURE 5. INTEGRAL LINEARITY (BEST FIT - STRAIGHT LINE) 


ATTEN 10dB 
Ri, -10.0dBm 
-10 


AMKR -48.50dB 
2.00MHz 


~ STOP 20.00MHz 
RBW 1.0kHz SWP 50.08 


VBW 1.0kHz 


FIGURE 7. SPURIOUS FREE DYNAMIC RANGE TO NYQUIST 


AMKR -75.00dB 
33kHz 


~ SPAN 2.000MHz 
SWP 56.08 


FIGURE 8. SPURIOUS FREE DYNAMIC RANGE WITHIN A WINDOW 
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HI5780 


Detailed Description 


The HI5780 is a 10-bit, current out D/A converter. The DAC 
can convert at 80 MSPS and runs on +5V supplies. The 
HI5780 achieves its low power and high speed performance 
from an advanced CMOS process. The HI5780 consumes 
150mW (Maximum) and has a power down mode that only 
consumes 1.25mW when in sleep mode. The HI5780 is an 
excellent converter to be used for communications applica- 
tions and high performance video systems. 


Digital Inputs 


The HI5780 is a TTL/CMOS-compatible D/A. Data is latched 
by a 10-bit latch. Once latched data inputs DO (LSB) thru D9 
(MSB) are decoded to the internal current cells; the internal 
latch and switching current source controls are implemented 
in CMOS technology to maintain high switching speeds and 
low power consumption. 


Clocks and Termination 


The internal 10-bit register is updated on the rising edge of 
the clock. Since the HI5780 clock rate can run to 80MHz, to 
minimize reflections and clock noise into the part, proper ter- 
mination should be used. In PCB layout clock runs should be 
kept short and have a minimum of loads. To guarantee con- 
sistent results from board to board, controlled impedance 
PCBs should be used with a characteristic line impedance, 
Zo, of 502. 


To terminate the clock line a shunt terminator to ground is the 
most effective type at a 80 MSPS clock rate. A typical value 
for termination can be determined by the equation: 


Rr = Zo, 


for the termination resistor. For a controlled impedance 
board with a Zo of 50, the Ry = 50Q. Shunt termination is 
best used at the receiving end of the transmission line or as 
close to the HI5780 CLK pin as possible. 


HI5780 
DAC 


FIGURE 9. AC TERMINATION OF THE HI5780 CLOCK LINE 


Rise and Fall times and propagation delay of the line will be 
affected by the Shunt Terminator. The terminator can be 
connected to DGND. 


Noise Reduction 


To reduce power supply noise, separate analog and digital 
power supplies should be used with 0.1uF and 0.01pF 
ceramic capacitors placed as close to the body of the 
HI5780 as possible on the analog (AVpp) and digital (DVpp) 
supplies. The analog and digital ground returns should be 
connected together back at the device to ensure proper 
operation on power up. 


Reference 


The internal reference in the HI5780 is a 1.25V (typical) 
bandgap voltage reference. The internal reference is buff- 
ered by an amplifier to provide adequate drive for the current 
cells. Reference Out (REFoyt) is connected to the Vper pin. 
The Full Scale Output Current is controlled by the resistor 
connected to Iper. The full scale output voltage, is set by the 
following equation: 


Applications 


Voltage Conversion of the Output 


To convert the output current of the D/A converter to a 
voltage, an amplifier should be used as shown in Figure 5. 
The DAC needs a 502 termination resistor on the Ioyt pin to 
ensure proper settling. The HFA1110 has an internal feed- 
back resistor to compensate for high frequency operation. 


+5V 


-_— = | 


HFA1110 


FIGURE 10. HIGH SPEED CURRENT TO VOLTAGE CONVERSION 


Definition of Specifications 


Integral Linearity Error, INL, is the measure of the worst 
case point that deviates from a best fit straight line of data 
values along the transfer curve. 


Differential Linearity Error, DNL, is the measure of the 
step size output deviation from code to code. Ideally the step 
size should be 1 LSB. A DNL specification of 1 LSB or less 
guarantees monotonicity. 


Output Voltage Full Scale Settling Time, is the time 
required from the 50% point on the clock input for a full scale 
step to settle within an '/> LSB error band. 


Glitch Area, GE, is the switching transient appearing on the 
output during a code transition. It is measured as the area 
under the curve and expressed as a Volt-Time specification. 


Differential Gain, AAy, is the gain error from an ideal sine 
wave with a normalized amplitude. 


Differential Phase, A®, is the phase error from and ideal 
sine wave. 


Spurious Free Dynamic Range, SFDR, is the amplitude 
difference from a fundamental to the largest harmonically or 
non-harmonically related spur. A sine wave is loaded into the 
D/A and the output filtered at '/, the clock frequency to elim- 
inate noise from clocking alias terms. 
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Selection Guide ..... 


Multiplexer Data Sheets 


DG406, DG407 
DG408, DG409 


DG506A, DG507A, 
DG508A, DG509A 


HI-1818A, HI-1828A 


HI-506, HI-507, 
HI-508, HI-509 


HI-506A, HI-507A 
HI-508A, HI-509A 


HI-516 
HI-518 
H1-524 
HI-539 


HI-546, HI-547, 
HI-548, HI-549 


MULTIPLEXERS 


i ry 


Single 16-Channel/Differential 8-Channel, CMOS Analog Multiplexers .................... 
Single 8-Channel/Differential 4-Channel, CMOS Analog Multiplexers ...................5. 
CMOS Analog Multiplexers... 0.20... ce eee ee eee eee e eee een 


Low Resistance, Single 8-Channel, and Differential 4-Channel, CMOS Analog Multiplexers. . . . 
Single 16 and 8/Differential 8-Channel and 4-Channel CMOS Analog Multiplexers........... 


16-Channel, 8-Channel, Differential 8-Channel and Differential 4-Channel, 
CMOS Analog MUXs with Active Overvoltage Protection........... 0.0.0... e ee eee ee eee 


16-Channel/Differential 8-Channel, CMOS High Speed Analog Multiplexer................. 
8-Channel/Differential 4-Channel, CMOS High Speed Analog Multiplexer.................. 
4-Channel Wideband and Video Multiplexer... ........ 0.0.0... ccc ec eee eee eee 
Monolithic, 4-Channel, Low-Level, Differential Multiplexer ............... 0.0.0... 000 eee 


Single 16 and 8, Differential 8-Channel and 4-Channel CMOS Analog MUXs with 
PONG OVOWONAGS PIGISCION ..c.22202c25ccen2easttesidumaenscaWaaa eebwcwencwnwes 


PAGE 
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11-25 
11-39 


11-52 
11-54 


11-70 
11-84 
11-91 
11-98 
11-104 
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SINGLE 1 x 8 MULTIPLEXER (FIGURES 1, 2) 


(NOTES 2, 3) 


DEVICE 


DG408 


DG508A 


HI1-0508 


HI3-0508 
HI4P0508 
HI9P0508 
H1I4-0508/883 
HI1-0508A 


HI3-0508A 


HI1-0518 
HI3-0518 
HI4-0518 
HI4P0518 
HI9P0518 
HI1-0548 


HI3-0548 


H|I4-0548/883 


zi =| = omg 

am }_oy— oOo; + 

Zlale]e}s| 

Stelelslele 
oO; @ 

fee) oom ime) 

Si) >] > 


SUFFIX 
CODES 


Di, DY, Ed, EY 


AK, BK, BY, CJ, 
CK, CY 


-2, -4, -5, -7, 


' 
foe) 
o 


a al. |, 
: (oy) 7 alta} 
co ice) 


-2, -5, -7, -8 


-2, -5, -8, -9 


-5, -9 


' 

o1 
' 

oO 


| a ‘ 
oO ' 
ife) 


-2, -4, -5 


' 
ol 
' 

© 


-2,-5,-7 


MIL SPEC 


(NOTE 1) 
DS(ON) ViNH VINL 
MIN (V) | MAX (V) 
2.4 


44V CMOS-JI 


44V CMOS-DI 


44V CMOS-DI 


40V CMOS-DI 


3 


ton (ns) 
TYP 


torr (ns) 
TYP 


FEATURES 


250 250 


300 


120 


300 


300 


300 


140 


300 


300 


Active Over-Voltage Protection. 


See Over-Voltage Protected 
Multiplexers Table, (Note 5) 


Programmable 1 of 8, 
Differential 2 of 4, Figure 2, 
See Over-Voltage Protected 
Multiplexers Table, (Note 5) 


Active Over-Voltage Protection. 
7% 'ps(on) Matching. See 
Over-Voltage Protected 
Multiplexers Table, (Note 5) 


SPINE) UOlVIZI9S 


€-Lb 


| MULTIPLEXERS e 


(NOTE 1) 
TDS(ON) 


torr (ns) 
TYP 


IDoFF 
TYP (+nA) 


(NOTES 2, 3) 


SINGLE 1 x 16 MULTIPLEXER (FIGURE 3) 
DEVICE 
DG406 


MIL SPEC 
DGS506A AK, BK, BY, Cu, 
CK, CY 


H1I1-0506 -2, -4, -5, -7, 400 2.4 
-8, -9 


ViNH ton (ns) 
MIN (V) ast (v) | TECHNOLOGY TYP 


i 


= Low rpson), Low Leakage 


7 . . TT 


44V CMOS-DI 300 300 | Active Over-Voltage Protection. 


See Over-Voltage Protected 
a Multiplexers Table, (Note 5) 
2, -5,-8 Le 750 ! 33V CMOS-DI 0.03 120 140 
2457|  Y_| | - 4aV CMOS-D 300 | 300 
DUAL 1 x 4 MULTIPLEXER (FIGURE 4) 
(NOTES 2, 3) 


DS(ON) VINH Ser IDOFF ton (ns) 
DEVICE SUFFIX CODES MIL SPEC MIN (V) AX (V) TECHNOLOGY | TYP (+nA) TYP 


DG409 DJ, DY, EJ, EY —— 44V CMOS-JI 


DG509A AK, BK, BY, Cu, 44V CMOS-JI 
CK, CY 


HI4P0506 
HI9P0506 
H14-0506/883 
HI1-0506A 


-2,-5, -7, -8 


HI3-0506A 


Programmable, 1 of 16, 
Differential 2 of 8. See 
Over-Voltage Protected 
Multiplexers Table, (Note 5) 


HI1-0516 
HI3-0516 
Hl4-0516 
HI4P0516 
HI9P0516 
HI1-0546 


Active Over-Voltage Protection. 
See Over-Voltage Protected 
Multiplexers Table, (Note 5) 
T% TDS(ON) Matching 


HI3-0546 
HI4P0546 
HI9P0546 
HI4-0546/883 


' 


torr (ns) 


TYP FEATURES 


(penunucd) SBPINEH) UOIJIajaS 
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DUAL 1 x 4 MULTIPLEXER (FIGURE 4) (Continued) 


(NOTE 1) 
DS(ON) VINH VINL ton (ns) | torr (ns) 
(Q MAX) | MIN(V) | MAX(V) | TECHNOLOGY | TYP(+nA)| TYP TYP FEATURES 


oan 7 tip 


1800 44V CMOS-DI Active Over-Voltage Protection, 
See Over-Voltage Protected 
Multiplexers Table, (Note 5) 


750 2.4 - 33V CMOS-DI 0.015 120 140 | Programmable 1 of 8, 


Differential 2 of 4, (Figure 2), 
850 33V CMOS-DI 250 160 


See Programmable 
a 7 a 
a 


(NOTES 2, 3) 
DEVICE MIL SPEC 


BA, BF, 2, B 


< 


Low Level Signals, 3% Max 
TDS(ON) Matching 


70V Active Over-Voltage Protec- 
tion, 7% Tps(ony Matching, See 
Over-Voltage Protected 
Multiplexers Table, (Note 5) 


2, A, 8 


8268 


HI4-1828A/883 


Be 
er) 
= 
i) 
oD 
> 


= 
ms 
= 
for) 
ne) 
© 
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Configuration Table 
40V CMOS-DI 125 Max 300 300 


(penujuod) Spine) UOI]Ia/aS 
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DUAL 1 x 8 MULTIPLEXER (FIGURE 5) 


(NOTES 2, 3) MIL (NOTE 1) ViNH ViNL IDOFF ton (NS) | torr (ns) 
DEVICE SPEC | rpsony (2 MAX) | MIN (V) | MAX(V) | TECHNOLOGY | TYP (+nA)| TYP TYP FEATURES 


Cao 
400 24 44V CMOS-DI 0.3 250 250 
a 
a a 
HI4-0507/883 ae 


HI1-0507A ,-5,-7, -8 1800 44V CMOS-DI 300 300 Active Over-Voltage Protection, 
See Over-Voltage Protected 
Multiplexers Table, (Note 5) 


750 2.4 33V CMOS-DI 0.03 120 140 Programmable, 1 of 16, 
Differential 2 of 8, 
| - yy 


HI3-0507A 


' 
ie) 
1 
on 


See Over-Voltage Protected 
Multiplexers Table 


Hl4-0516 


HI1-0547 -2, -4, -5, -9 


Active Over-Voltage Protection, 
7% 'DS(ON) Matching, See 
Over-Voltage Protected 
Multiplexers Table, (Note 5) 


HI3-0547 


HI4P0547 


HI9P0547 


' 
I 
' 

ie) 


H14-0547/883 


MULTIPLEXERS 


(penunuod) BpINE) UOIJIajasg 
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PROGRAMMABLE CONFIGURATION SINGLE (1 OF 16) OR DIFFERENTIAL (2 OF 8) MULTIPLEXER (FIGURE 6) 


pes ‘ 
(NOTES 2, 3) IDoFF ton (Ns) | torr (ns) 
DEVICE MIL SPEC a MAX) me (V) uae v) TECHNOLOGY | TYP (+nA) TYP TYP FEATURES 


HI1-0516 | 258 [oY | 33V CMOS-D! 0.03 Programmable, 1 of 16, 
Differential 2 of 8 


PROGRAMMABLE CONFIGURATION SINGLE (1 OF 8) OR DIFFERENTIAL (2 OF 4) MULTIPLEXER (FIGURE 7) 


(NOTE 1) 
(NOTES 2, 3) DS(ON) ViNH ViNL lDoFF ton (ns) torr (ns) 
DEVICE SUFFIX CODES | (Q MAX) MIN (V) MAX(V) | TECHNOLOGY | TYP (+nA) TYP TYP FEATURES 


HI1-0518 -2, -5, -8, -9 750 33V CMOS-DI 0.015 120 140 Programmable, 1 of 8, 
Differential 2 of 4 


OVER-VOLTAGE PROTECTED MULTIPLEXERS (NOTE 6) 


aa | ea | mse | eth | ito | atin | remace [rta) “8S” | SH oti ees 
(NOTES 2, 3) DS(ON) ViNH Vin IDOFF ton (NS) | torr (ns) | NO. OF 

DEVICE MIL SPEC (Q MAX) MIN (V) | MAX(V) | TECHNOLOGY | TYP(+nA)| TYP TYP |CHANNELS| FEATURES 

HII-0506A | -2,5,-7 fo 1800 44V CMOS-DI 0.1 1x16 

soon [=| 

Ca 

ae 1800 44V CMOS-DI 0.1 300 Differential Inputs 

Ca 

fscowe [8 | 


(penujuod) apINk) UONIIaJaS 


OVER-VOLTAGE PROTECTED MULTIPLEXERS (NOTE 6) (Continued) 


(NOTE 1) 
(NOTES 2, 3) SUFFIX 'DS(ON) ViNH ViNL 
DEVICE CODES MIL SPEC (Q MAX) MIN (V) | MAX(V) | TECHNOLOGY | TYP (+nA) 
HI1-0508A p27 fo 1800 4.0 44V CMOS-DI 
HI4-0508A 
HI1-0509A Ss 1800 vi 44V CMOS-DI 


HI1-0546 2, -4,-5 1800 44V CMOS-DI 0.1 

HI3-0546 

HI4P0546 5 

raconaas| |v 

Hito5a7 fT 1800 4.0 44V CMOS-DI 0.1 300 300 7% DS(ON) 
Matching 

HI3-0547 -2, -4,-5 Differential Inputs 

HI4P0547 

HI9P0547 9 

HI4-0547/883 


ton (NS) | torr (ns) NO. OF 
TYP TYP CHANNELS FEATURES 
ai 


300 300 Differential Inputs 


o1 


HI3-0509A 
Hl4-0509A 


300 300 7% T DS(ON) 
Matching 


yi 


HI3-0548 
HI4P0548 


t ' cn 1 
Oo oO oO 


HI9P0548 


' 
oO 
' 
ie) 


HI4-0548/883 


HI1-0548 2, -4, -5 1800 44V CMOS-DI 300 300 1x8 7% TDOS(ON) 
Matching 
a 7 


300 300 2x4 7% TDS(ON) 
Matching 


Differential Inputs 


HI1-0549 -2, -4,-5 
HI3-0549 
HI4P0549 
HI9P0549 -5, -9 


HI4-0549/883 


' 


MULTIPLEXERS 


: 


(penuyju0d) SPINE) UONIDIjaS 
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DIFFERENTIAL INPUT MULTIPLEXERS 


(NOTES 2, 3) SUFFIX 
DEVICE CODES MIL SPEC 
DG507A AK, BK, BY, 
CJ, CK, CY 
DG509A AK, CJ, 


HI1-0507 2,4, i ot te 


HI3-0507 
HI4P0507 
HI9P0507 


H14-0507/883 


HI4-0507A 


HI4P0509 
HI9P0509 
H14-0509/883 
HI1-0509A 
HI3-0509A 


HI4-0509A 


(NOTE 1) 
FDS(ON) 


ViNH VINL 
MIN (V) MAX (V) TECHNOLOGY | TYP (+nA) 


44V CMOS-JI 
44V CMOS-JI 


300 


2x8 


Active Over-Volt- 
age Protection, See 
Over-Voltage Pro- 
tected Multiplexers 
Table, (Note 5) 


Active Over-Volt- 
age Protection, See 
Over-Voltage Pro- 
tected Multiplexers 
Table, (Note 5) 


(penujucd) SpINE) UOIJIIAJAS 


DIFFERENTIAL INPUT MULTIPLEXERS (Continued) 


(NOTE 1) 
DS(ON) IDOFF ton (MS) | torr (ns) | NO. OF 
MIL SPEC (Q MAX) at V) me (v) | TECHNOLOGY |TYPGna)| TYP TYP |CHANNELS| FEATURES 


aa 1800 4.0 33V CMOS-DI 0.1 1x16 17% tpsony 
Matching 
2589 =e sav emoso| | 0.018 Prograrmnable 1 
at ; 
. 


8, Differential 2 of 4, 
Pvr ay 33V CMOS-DI | 0.001 


(NOTES 2, 3) 
DEVICE 


SUFFIX 
CODES 


H11-0516 2, =, 8 


HI3-0516 
HI4-0516 
HI4P0516 


HI9P0516 


HI1-0518 
HI3-0518 
HI4-0518 Configuration Table 
HI4P0518 
HI9P0518 


H11-0539 


Low Level Signals, 
3% Max 
TDS(ON) Matching 


ov Lt 


HI3-0539 


HI4P0539 


HI1-0547 Active Over-Volt- 
age Protection, 7% 
Tps(on) Matching 
See Over-Voltage 
Protected 
Multiplexers Table, 


(Note 5) 


HI3-0547 
HI4P0547 


HI9P0547 


ve) 


H14-0547/883 


Programmable 
H1I1-0549 -2, -4, -5 44V CMOS-DI 70V Active Over- 
Voltage Protection, 
7% TDS(ON) Match- 
ing, See Over-Volt- 
age Protected 
Multiplexers Table, 


(Note 5) 


HI3-0549 
HI4P0549 
HI9P0549 


H14-0549/883 


Figure 2, See 
: = aa 7 i 


MULTIPLEXERS 


_" 
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DIFFERENTIAL INPUT MULTIPLEXERS (Continued) 
(NOTE 1) 
TDS(ON) 


ViNH ViNL IDoFF ton (Ns) | torr (ns) | NO. OF 
MIL SPEC (Q MAX) MIN (V) MAX (V) TECHNOLOGY | TYP (+nA) TYP TYP CHANNELS FEATURES 


re, 0.4 40V CMOS-DI_ | 125 Max 300 300 
a ae 
NOTES: 


1. The tpsony Of a CMOS switch varies as a function of supply voltage, analog signal voltage, and temperature. Values shown are maximum (unless noted “Typ” = typical) at 25°C. 
SWITCH “ON” V: Digital Threshold to “CLOSE” a particular switch. (Minimum if greater than “OFF”. Maximum if less than “OFF”.) 
SWITCH “OFF” V: _ Digital Threshold to “OPEN” a particular switch. (Minimum if greater than “ON”. Maximum if less than “ON”.) 
VINL: Digital Threshold to represent a “Low” select signal. (Maximum, voltage levels greater than this value are not guaranteed to produce a “LOW’”.) 
VINH: Digital Threshold to represent a “HIGH” select signal. (Minimum, voltage levels less than this value are not guaranteed to produce a “HIGH”.) 


(NOTES 2, 3) 
DEVICE 


2. Package codes: 
DG Types - SUFFIX: 
A 10 Lead TO-100 J Plastic DIP K CERDIP P SBDIP Y SOIC 
IH Types - Middle SUFFIX Letter: 
J CERDIP P Plastic DIP T TO-100 Can B SOIC HI4P PLCC 
HI Types - PREFIX: 
HI1 Ceramic DIP HI2 Metal Can HI3 Plastic DIP HI4 Ceramic LCC HI9 Flatpack HI9P SOIC 


3. Temperature Code Suffix: 
-1: 0° to 200°C 
-2, A, or M: -55°C to 125°C 
-4 or B: -25°C to 85°C 


-5: 0°C to 75°C 

cS: O'Cio 70°C 

-7: 0°C to 75°C with Burn-In 

-8: -55°C to 125°C with Burn-in 

-9: -40°C to 85°C 

/883: MIL-STD-883, Class B, -55°C to 125°C with Burn-in 
D: -40°C to 85°C 

E: -40°C to 85°C with Extended Process Flow 


I: Industrial, -25°C or -40°C to 85°C, see data sheet. 
4. Double Throw switches have one switch ON and the other switch OFF for each input state. See data sheet. 
5. Over-Voltage Protection: Analog Inputs can withstand up to 70V peak to peak levels, with no channel interaction. 
6. Fault Protection: All channels are OFF when supply power is off, up to 25V inputs. Any channel turns OFF when input exceeds supply rail. 
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MULTIPLEXER CONFIGURATIONS 


S. Sy Sp Se Se Se Sx SS Vop/LLS 
X 4 X i." 4 < x ADDRESS DECODER # ENABLE 

10F 8 INPUT ee eee ee oie ee . 
; i INIA 

. . oe . : t : 

Ap Ay; Ag EN (ENABLE INPUT) : mn 
D EN >—! 9 t sins 

FIGURE 1. 1x 8 MULTIPLEXER ‘nish L fl S 
Ay ! | | | | DECODER 


Fi 
' 
anni IN BA 
A2 


: ccc aE 


‘ 
‘ 
' 
Sig Sis Sig S13 S12 $11 Sig Sg Sg S7 Sg Ss Sq S3 Sg Sy =. 
SA SNSAKRARASRAS ASG A te ie 
; , a rh 
+ > OUTB 
os ' , 1 
1 DECODER be 1 
'_< IN 8B 
fat 
1 OF 16 1 OF 4 i i 
' 1 ' 
2 , : A 1 \ 1 
Ao A, Az A3 EN ie : : 
FIGURE 3. 1 x 16 MULTIPLEXER ! I ' 
Ree ew ew eweeweewewreeweew ese we es ee eS ee Oe ee | a 
INPUT BUFFER AND DECODERS MULTIPLEXER 
SWITCHES 
A 
Sap S3p Sop Sip S4a S3q Soa Sia DECODER 
a oe As] Q | Q | 
PHYTH | 1 | 
t,o 
FIGURE 4. DUAL 1 x 4 MUX FIGURE 2. PROGRAMMABLE 


MULTIPLEXERS 
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MULTIPLEXER CONFIGURATIONS (Continued) 


Ay 
A2 


Sse S7p Sep Ssp Sap S3p S2p Sip Ssa S7a Sea Ssa Sana S3a Soa Sia 


+ oo a , r r r t r tf 


Dp 


ADDRESS DECODER | ENABLE 
1 OF 8 1 OF 2 


Ay A; Ag EN (ENABLE INPUT) 


FIGURE 5. DUAL 1 x 8 MUX 


Vpp/LLS 
wer rrr rrr rrr gerrrrteroo weer nr rn rr 
IN 1A 
E i 
| 1 
a ca ' 
Zi tS OUTA 
[{ |] pecover le: 
Sai IN 8A 
Cock ep | 
| | 
i . I 
Ag 1 > 1 
i i] 
I cia I 
i] 
> OUT B 
> I 
DECODER > i 
t <iN8B 
v mM A3 


DECODER 


Y 


INPUT BUFFER AND DECODERS MULTIPLEXER 
SWITCHES 


FIGURE 6. PROGRAMMABLE SINGLE 16 OR DIFFERENTIAL 8 


EN 


ae 


& - : DECODER 


, 

| 

, 

' 

, 

. , 

Ap : 
DECODER 

| 

1 

| 

i] 

> . , 

DECODER 1 

1 


INPUT BUFFER AND DECODERS MULTIPLEXER 
SWITCHES 


\/ 


FIGURE 7. PROGRAMMABLE SINGLE 8 OR DIFFERENTIAL 4 


IN 1A 


OUTA 


IN 4A 


IN 1B 


OUT B 
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DG406, DG407 


Single 16-Channel/Differential 


August 1997 8-Channel, CMOS Analog Multiplexers 
Features Description 
e ON-Resistance (Max).............0ece en eeeee 1002 The DG406 and DG407 monolithic CMOS analog 
» Low Power Consumption (Pp) ............- <1.2mW multiplexers are drop-in replacements for the popular 


DG506A and DG507A series devices. They each include an 
e Fast Transition Time (Max)...............5.. 300ns_ array of sixteen analog switches, a TTL and CMOS 
compatible digital decode circuit for channel selection, a volt- 
age reference for logic thresholds, and an ENABLE input for 
¢ TTL, CMOS Compatible device selection when several multiplexers are present. 


e Low Charge Injection 


¢ Single or Split Supply Operation These multiplexers feature lower signal ON resistance 
(<10022) and faster transition time (trrans < 300ns) com- 
. . pared to the DG506A and DG507A. Charge injection has 
Ap P lications been reduced, simplifying sample and hold applications. 
* Battery Operated Systems The improvements in the DG406 series are made possible 
¢ Data Acquisition by using a high voltage silicon-gate process. An epitaxial 
layer prevents the latch-up associated with older CMOS 
technologies. The 44V maximum voltage range permits 
¢ Hi-Rel Systems controlling 30Vp.p signals when operating with t15V power 
supplies. 


e Medical Instrumentation 


e Communication Systems 
The sixteen switches are bilateral, equally matched for AC or 


* Automatic Test Equipment bidirectional signals. The ON resistance variation with 
Ordering Information analog signals is quite low over a t5V analog input range. 


NUMBER RANGE (°C) 
pours | owes [zoaror [ems 


fosworoy | owes [esissoe [waas 


NOTE: Extended Processing Flow 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 31 1 6. 4 
Copyright © Harris Corporation 1997 11-13 
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Pinouts 
DG406 (PDIP, SOIC) DG407 (PDIP, SOIC) 
TOP VIEW TOP VIEW 


DG406 (PLCC) DG407 (PLCC) 
TOP VIEW TOP VIEW 


Sip 
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DG406, DG407 


Functional Block Diagrams 
DG406 DG407 


Sia 

Son o% 
S3a o% 
San o% 
Ssa o%e 
Sea % 
S7a o% 
Sea o% 


Da 


Sip 

S28 o%¢ 

Ss o%¢ 

San o% 

Sse De 
Sen o% 

S78 o% 

Sess o% 


TO DECODER LOGIC TO DECODER LOGIC 
CONTROLLING BOTH CONTROLLING BOTH 
TIERS OF MUXING TIERS OF MUXING 


Logic “O” = Va, < 0.8V 
Logic “1” = Vay > 2.4V 
X = Don’t Care 
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Absolute Maximum Ratings 


Voltages Referenced to V- 


hed SiGe PES RECESS AEN ETE Os BORE ESLGeSE ETON ERE +44.0V 
ON ese tay cs eens sender cate hyn heh a nda beeeewons-44 25V 
Digital Inputs, Vs, Vp (Note 1)...... (V-) -2V to (V+) +2V or 20mA, 

Whichever Occurs First 
Current (Any Terminal) .....5:5200+00ssecssseenseneseoes 30mA 
Poet CANO 6 OD cic divccnetrwvacnsd ce ead ag xes ws 100mA 


(Pulsed ims, 10% Duty Cycle Max) 


Thermal Information 


Thermal Resistance (Typical, Note 2) B ya (CCW) 
PUP POCNOOR cc cnceedusabiowtencaededdnnve 60 
SONG POGREGE: 226 cdesde swiss debe sanwense 545 75 
PUGS PaCS so cincecdvereedan avenskinges 65 

Maximum Junction Temperature...............200 000s 150°C 

Maximum Storage Temperature Range .......... -65°C to 150°C 

Maximum Lead Temperature (Soldering 10s)............. 300°C 


(PLCC and SOIC - Lead Tips Only) 


Operating Conditions 
Temmerature RAnG@ 1.66 ci sccccwrrcsevcducnavs -40°C to 85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Signals on Sy, Dy or INx exceeding V+ or V- will be clamped by internal diodes. Limit forward diode current to maximum current ratings. 
2. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Test Conditions: V+ = +15V, V- = -15V, Va, = 0.8V, Vay = 2.4V Unless Otherwise Specified 


D SUFFIX 40°C TO 85°C 
(NOTE 3) | (NOTE 4) | (NOTE5) | (NOTE 4) 
TEMP MIN TYP MAX UNITS 


te ee 
'ps(on) Matching Between Channels, Vp = 10V, -10V (Note 7) 
ATps(ON) 


mrp tt 


Vp = +10V 
ce ee 


fmm | x fom | os | om 
ce ee 
Treen fs fom fm 
ce ee 


PARAMETER TEST CONDITIONS 
ANALOG SWITCH 


Drain-Source ON Resistance, fpson) 


Drain OFF Leakage Current, Ip(oFF) 
DG406 


Drain ON Leakage Current, Ip(on) 
DG406 


Vs = Vp = +10V (Note 6) 
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Electrical Specifications Test Conditions: V+ = +15V, V- = -15V, Va, = 0.8V, Vay = 2.4V Unless Otherwise Specified (Continued) 


D SUFFIX 40°C TO | DSUFFIX40°C TO.85°C 
Peeves 
PARAMETER TEST CONDITIONS gi MIN TYP MAX UNITS 
Transition Time, ttrans (See Figure 1) | Room | = | 200 | 300 | ns — 
STS 
Break-Before-Make Interval, topen (See Figure 3) | Room | 25 | so | - | ns | 
i Ce 


Enable Turn-ON Time, ton(en) (See Figure 2) 


Enable Turn-OFF Time, torr(en) 


Charge Injection, Q C, = InF, Vs = OV, Rg = 02 | Room | 


OFF Isolation, OIRR Ven = OV, R, = 1kQ, 
f = 100kHz (Note 8) 


Drain OFF Capacitance, Cp(oFr) Ven = OV, Vp = OV, 


Drain ON Capacitance, Cpon) Ven = 5V, Vp = OV, 
DG406 te Thre 


POWER SUPPLIES 


Positive Supply Current, + Ven = Va = OV or 5V 
Stand By 
Negative Supply Current, I- 


Positive Supply Current, I+ Ven = 2.4V, Va = OV 


Negative Supply Current, |- 


Electrical Specifications (Single Supply) Test Conditions: V+ = 12V, V- = OV, Va, = 0.8V, Vay = 2.4V, Unless Otherwise 


Specified 
D SUFFIX -40°C TO | -s DSUFFIX-40°C TO 85°C 
TEST (NOTE 3) (NOTE 4) (NOTE 5) a 4) 
PARAMETER CONDITIONS TEMP MIN TYP MAX UNITS 


DYNAMIC CHARACTERISTICS 


Switching Time of Vs1 = BV, Vsg = OF, Room 300 450 ns 
Multiplexer, tTRANS Vin =2.4V 


AF 
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Electrical Specifications (Single Supply) Test Conditions: V+ = 12V, V- = OV, Va, = 0.8V, Vay = 2.4V, Unless Otherwise 
Specified (Continued) 


D SUFFIX -40°C TO 85°C 
TEST (NOTE3) | (NOTE4) | (NOTES) | (NOTE 4) 
PARAMETER CONDITIONS TEMP MIN TYP MAX UNITS 
Enable Turn-OFF Time, Vg1 = SV 150 300 
TOFF(EN) 
Charge Injection, Q C, = 1nF, Vs = 6V, Room 20 pC 
Rs = 0Q 


ANALOG SWITCH 
Drain-Source ON-Resistance, Vp = 3V, 10V, Is =-1mA 
TDS(ON) (Note 6) 


'DS(ON) Matching Between 
Channels (Note 7), Arpsion) 


Source Off Leakage Current, Is(orFF) 


Drain Off Leakage Current, Ip(oFF) 
DG406 


VEN = OV, Vp = 10Vor 
0.5V, Vg = 0.5V or 10V 


Drain On Leakage Current, Ip(on) Vs = Vp = +10V (Note 6) 
DG406 


POWER SUPPLIES 


Positive Supply Current (I+) Ven = OV or 5V, 
Va = OV or 5V 


Negative Supply Current (I-) 


NOTES: 
3. Room = 25°C, Cold and Hot = as determined by the operating temperature suffix. 
. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet. 
. Typical values are for Design Aid Only, not guaranteed nor production tested. 
. Sequence each switch ON. 
. Afps(on) = 'os(on) (Max) - fps(on) (Min) + fps average 


. Worst case isolation occurs on channel 8B due to proximity to the drain pin. 


oN ON 


Test Circuits and Waveforms 


+15V 


V+ S, 


S2 - S45 


DG406 Sie 


T = Sia - Sga, Sop - S7p, Da 


FIGURE 1A. FIGURE 1B. 
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Test Circuits and Waveforms (continued) 


t, < 20ns 
te < 20ns 
Locic 3V ; 
INPUT ov 
Vs1 
SWITCH 
OUTPUT ov 
Vo 
Vsep 
t 
is 5, ON TRANS 
FIGURE 1C. 
FIGURE 1. TRANSITION TIME 
+15V +15V 
-5V 


Pa So - Sig 
A: pG406 


EN GND v- 2 Vo > Vo 
35pF 
= = = ~15V — iL —_— = = -1 BV — i 
T = Si, - Spa, Sop - Sep, Da 
FIGURE 2A. FIGURE 2B. 
t, < 20ns 
% < 20ns 
toaic > 
INPUT ov 
OV 
SWITCH 
OUTPUT 
Vo 


Vo 


FIGURE 2C. 
FIGURE 2. ENABLE SWITCHING TIME 


3V t, < 20ns 
LOGIC ts < 20ns 
3, 
INPUT 50% 
OV 
Vp 
SWITCH 80% 
OUTPUT 
Vo 
OV 
—>!| topen 
FIGURE 3A. FIGURE 3B. 


FIGURE 3. BREAK-BEFORE-MAKE INTERVAL 
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Burn-In Circuit 


CERDIP/SOIC BURN-IN SCHEMATIC 


DG406/407EY/EJ 
+15V 0 1] 
D, a > -15V 
[ee mma of Ey* 
4] IN 16/8B omy 
Pe IN 14/6B ca 
HE IN 13/5B 
ee IN 12/48B ly 
He IN 11/3B =r 
Ee IN 10/2B IN 1/4A a 
HE IN 9/1B EN lan 
| GND AO eT — 
VREF Ai |16 
+5V © Te A3/NC A2 ar 
NOTE: 
Ry, Ro = 10k2 +5%, '/pW or '/,W (Per Socket) 
C,, Co = 0.01pF (Min, Per Socket) or 0.1F (Min, Per Row) 
D,;, Dp = IN402 (or Equivalent, Per Board) 
Schematic Diagram (Typical Channel) 
V+ 
oD 
*o I L} - A, 
] <a i \- 
i ° 1 ° 
— LEVEL DECODE/ 
Ayo be: . | SHIFT DRIVE : 
4 
I 
: , 
Yr. V+ 1 
EN 5 pe ° iar : 
I 
; | be 
V- 
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Typical Performance Curves 


rps(on)» ON RESISTANCE (Q) 
'ps(on)» ON-RESISTANCE (Q) 


Vp, DRAIN VOLTAGE (V) 


Vp, DRAIN VOLTAGE (V) 


FIGURE 4. rpsion) VS Vp AND SUPPLY FIGURE 5. rpscon) VS Vp AND TEMPERATURE 


120 


V+ = 15V, V- =-15V 


90 | VS = VD FOR lovorr 
Vp = Vsopen) FOR Ipyon) 


Ip, lg, CURRENT (pA) 
oO 


aes 
-40 DG406 ID(ON)» ID(OFF) 
| 


Pr 0 Mi ail cs, a 
J Sk ees See ns 


rps(on)» ON-RESISTANCE (Q) 


7 eS: PNR HRNNEE aN eS 
-15 -10 5 0 5 10 15 
Vp, DRAIN VOLTAGE (V) Vs, Vp, SOURCE DRAIN VOLTAGE (V) 
FIGURE 6. rpsion) VS Vp AND SUPPLY FIGURE 7. Ip, ls LEAKAGE CURRENTS vs ANALOG VOLTAGE 


V+ = 15V, V- =-15V 
Vs OR Vp = +10V 


ID(ON)» 'D(OFF) | 


Ip, ls, CURRENT (A) 
TIME (ns) 


ae 


55 35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) Vsuppiy » SUPPLY VOLTAGE (+V) 


FIGURE 8. Ip, ls LEAKAGE vs TEMPERATURE FIGURE 9. SWITCHING TIMES vs BIPOLAR SUPPLIES 
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Typical Performance Curves (continued) 


@ 
cS 
uu 
= 
= 
1K 10K 100K 1M 10M 
V+, SUPPLY VOLTAGE (V) f, FREQUENCY (Hz) 
FIGURE 10. SWITCHING TIMES vs SINGLE SUPPLY FIGURE 11. OFF-ISOLATION vs FREQUENCY 

< 

E o 

5 E 

2 

5 FE 

oO 

55-35-15 45 65 85 105 125 
f, FREQUENCY (Hz) TEMPERATURE (°C) 
FIGURE 12. SUPPLY CURRENTS vs SWITCHING FREQUENCY FIGURE 13. ton/tore vs TEMPERATURE 


Va ’ (V) 


Vsuppty: SUPPLY VOLTAGE (+V) 


FIGURE 14. SWITCHING THRESHOLD vs SUPPLY VOLTAGE 


11-22 


DG406, DG407 


Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 
2490um x 4560um x 485um +25um Type: Nitride 
Thickness: 8kA +1 
METALLIZATION: 
WORST CASE CURRENT DENSITY: 
Type: SiAl 
Thickness: 12kA +1kA 9.1 x 104 A/cm? 


Metallization Mask Layout 
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Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 
2490um x 4560um x 485um +25um Type: eee | si 
METALLIZATION: THR Ges: Ble 
WORST CASE CURRENT DENSITY: 
Type: SiAl 
Thickness: 12kA +1kA 9.1 x 104 A/cm? 


Metallization Mask Layout 
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Single 8-Channel/Differential 
August 1997 4-Channel, CMOS Analog Multiplexers 


Features Description 


¢ ON Resistance (25°C Max) The DG408 Single 8-Channel, and DG409 Differential 
4-Channel monolithic CMOS analog multiplexers are drop-in 
replacements for the popular DG508A and DGS509A series 
° Fast Switching Action devices. They each include an array of eight analog switches, a 
<250ns TTL/CMOS compatible digital decode circuit for channel selec- 

tion, a voltage reference for logic thresholds and an ENABLE 

- TON/OFF(EN) <150ns input for device selection when several multiplexers are present. 


Low Charge Injection The DG408 and DG409 feature lower signal ON resistance 

(<1002) and faster switch transition time (trRans < 250ns) 
i aia compared to the DG508A or DG509A. Charge injection has 
TTL, CMOS Compatible been reduced, simplifying sample and hold applications. The 
improvements in the DG408 series are made possible by using 
a high-voltage silicon-gate process. An epitaxial layer prevents 
: : the latch-up associated with older CMOS technologies. Power 
Applications supplies may be single-ended from +5V to +34V, or split from 
+5V to +20V. 


¢ Low Power Consumption (Pp) 


Single or Split Supply Operation 


Data Acquisition Systems 


The analog switches are bilateral, equally matched for AC or 
bidirectional signals. The ON resistance variation with analog 
Automatic Testers signals is quite low over a +5V analog input range. 


Hi-Rel Systems Ordering Information 


_— TEMP. 
Sample and Hold Circuits PARTNUMBER | RANGE (°C) | PACKAGE ea 


Communication Systems DG408AK/883 (Note 2) -55to125 |16Ld CERDIP |F16.3 
Analog Selector Switch DG408DJ -40 to 85 16 Ld PDIP E16.3 


Audio Switching Systems 


DG408ES (Note 
(Note 
DG409AK/883 (Note 2 


40 to 85 16 Ld PDIP E16.3 


DG408EY 


-40 to 85 16 Ld SOIC M16.15 
(Note 1 -40 to 85 16 Ld PDIP E16.3 
(Note 1 -40 to 85 16 Ld SOIC M16.15 


1. Extended Processing Flow 
2. Refer to military data sheet for complete specifications. 


Pinouts 
DG408 (PDIP, CERDIP, SOIC) DG409 (PDIP, CERDIP, SOIC) 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 11-25 
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Functional Block Diagrams 


DG408 


DECODER/ 
DRIVER 


+ DIGITAL 
INPUT 
PROTECTION 


DG408, DG409 
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DECODER/ 
DRIVER 


+ DIGITAL 
INPUT 
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Absolute Maximum Ratings Thermal Information 
oe ondc ve dkeendherxuieustoenceakueseachasxs +44.0V Thermal Resistance (Typical, Note 1) Oya (CCIW) ®yc (CCW) 
CH Pin ioe 66.44 b 0 re teanee oaGud a ense ees ceeears 25V PDIP PackaG@ oo icascaesecay eaves 100 N/A 
Digital Inputs, Vs, Vp (Note 7)..... (V-) -2V to (V+) + 2V or 20mA, SOIC PRCKA0O. 66.5 644s cbse enenes 115 N/A 
Whichever Occurs First GEADIP PatCka0e@ ....05<scacnvenc 70 18 
Cutan (Any TSIEN) .<6asc aces ¥oee dower dees Rw ER ae 30mA Maximum Junction Temperature (D Suffix)............... 150°C 
Peak Current, SOrD: ....6ccvesecesenerenseducesasaws 100mA Maximum Storage Temperature Range (D Suffix) . -65°C to 125°C 
(Pulsed 1ms, 10% Duty Cycle) Maximum Lead Temperature (Soldering 10s)............. 300°C 


Operating Conditions (SOIC - Lead Tips Only) 


Operating Temperature (D Suffix)................ -40C to 85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 6ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Test Conditions: V+ = +15V, V- = -15V, Va; = 0.8V, Vay = 2.4V, Unless Otherwise Specified 


D SUFFIX -40°C TO 85°C 
PARAMETER 


(NOTE 8) | (NOTE2) | (NOTE3) | (NOTE 2) 
TEMP MIN TYP MAX UNITS 
DYNAMIC CHARACTERISTICS 


Transition Time, trRANS (See Figure 25) 
Break-Before-Make Interval, topen | (See Figure 27) | Room 10 
Enable Turn-ON Time, ton(EN) (See Figure 26) | Room 


Enable Turn-OFF Time, torr(EN) _| (See Figure 26) 
Charge Injection, Q C, = 10nF, Vg = OV | Room 


OFF Isolation Ven = OV, Ry, = 1kQ, 
f = 100kHz (Note 6) 


Logic Input Capacitance, Ci, f = 1MHz 


Source OFF Capacitance, Cs(oFF) Ven = OV, Vs =OV*V,7 
f = 1MHz 
Drain OFF Capacitance, Cp(OFF) VEN = OV, Vp = OV, 
Room 


DG408 f = 1MHz 


Drain-Source ON Resistance, Vp =+10V, Is =-10mMA 


0510 Nate 


DS(ON) Matching Between Channels, | Vp = 10V, -10V (Note 5) Room 
ATDS(ON) 
Source OFF Leakage Current, Is(oFF) | VEN = OV, Vs = +10V, | Room | 


acta 


5 

VEN = OV, Vp = +1 0°, 
Room 1 
1 


Vg =+10V : 
7 


TEST CONDITIONS 


160 250 


ro) 
oO 


ao) 
O 


ne} 
nA 


som me) 


TC T 


Drain ON Capacitance, CD(ON) 
DG408 


Ven = 3V, Vp = OV, 
f = 1MHz, Va = OV or 3V 


wT 
ma 


ANALOG SWITCH 


Drain OFF Leakage Current, Ip(oFF) 
DG408 


-10 


MULTIPLEXERS 
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Electrical Specifications Test Conditions: V+ = +15V, V- = -15V, Va, = 0.8V, Vay = 2.4V, Unless Otherwise Specified (Continued) 


D SUFFIX -40°C TO 85°C 
PARAMETER 


(NOTE 8) (NOTE 2) (NOTE 3) (NOTE 2) 
TEMP MIN TYP MAX UNITS 
Drain ON Leakage Current, Ip(on) 


DG408 


TEST CONDITIONS 


Vs = Vp =+10V 
Sequence Each Switch 
ON 


DIGITAL CONTROL 

Logic Input Current, Va = 2.4V, 15V Full -10 10 pA 
Input Voltage High, lay 

Logic Input Current, Ven = OV, 2.4V, Full -10 10 pA 
Input Voltage Low, la, Va = 0V 


POWER SUPPLIES 


0.5 mA 


Full 2 


a 


Electrical Specifications (Single Supply) Test Conditions: V+ = 12V, V- = OV, Va, = 0.8V, Vay = 2.4V, 


Unless Otherwise Specified 
D SUFFIX -40°C TO 85°C 
(NOTE 8) 
TEMP 


(NOTE 2) | (NOTE3) | (NOTE 2) 
PARAMETER MIN TYP MAX UNITS 
DYNAMIC CHARACTERISTICS 
Switching Time of Vs1 = 8V, Vsg = OV, 
Multiplexer, trRANS Vin = 2.4V 
Vs1=5V 
Enable Turn-OFF Time, = Room 120 
TOFF(EN) 
Charge Injection, Q C,_ = 10nF, VGen = OV, 
RGEN = 02 


ANALOG SWITCH 


a 
Drain-Source ON-Resistance, Vp = 8V, 10V, Ig =-1mMA Room Q 
DS(ON) (Note 4) 


NOTES: 
1. All leads soldered to PC Board. 
. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet. 
. Typical values are for DESIGN AID ONLY, not guaranteed nor production tested. 
. Sequence each switch ON. 
- ATDS(ON) = DS(ON) (Max) - rps(on) (Min). 
. Worst case isolation occurs on channel 4 due to proximity to the drain pin. 
. Signals on Sx, Dx, or INx exceeding V+ or V- will be clamped by internal diodes. Limit forward diode current to maximum current ratings. 
. Room = 25°C, Cold and Hot = as determined by the operating temperature suffix. 


TEST 
CONDITION 


ON Dn & W Y 
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Typical Performance Curves 


3.5 
3.0 
V+=+15V 
V-=-15V 
2.0 
< 
& 
= 10 
0.5pA 


Vin (VY) 


Va (V) 
FIGURE 1. INPUT LOGIC CURRENT vs LOGIC INPUT VOLTAGE 


FIGURE 2. SOURCE/DRAIN CAPACITANCE vs ANALOG 
VOLTAGE (SINGLE 12V SUPPLY) 


Vsuppcy = +15V 
Vin = OV 
| LEE L 


V- = -15V 


é q 
a z 
i eee 
-600 
-800 
Va (V) TEMPERATURE (°C) 
FIGURE 3. SOURCE/DRAIN CAPACITANCE vs ANALOG 


FIGURE 4. LOGIC INPUT CURRENT vs TEMPERATURE 
VOLTAGE 


100 


V+ = 15V 
60 V- = -15V 
Vs = -Vp FOR Ipiorr) 
Vp = Vs(opEN) FOR Ipion) 


DG408 Ip(oFF) 

DG409 Ip(oFF) 
DG409 Ip(on) 20 
DG408 Ip(on) 


Ip (pA) 
Ip (pA) 
rw 


DG409 Ip(oFF) 


Vs = OV FOR IpioFF) -100 


DG409 ID(ON) 
Vs = Vp FOR Ipcon) DG408 Ip(on); ID(OFF) 
-140 
0 2 4 6 8 10 12 “15 0 15 
Vp (V) Vs; Vp (V) 
FIGURE 5. DRAIN LEAKAGE CURRENT vs SOURCE/DRAIN 


FIGURE 6. DRAINLEAKAGE CURRENT vs SOURCE/DRAIN 
VOLTAGE (SINGLE 12V SUPPLY) VOLTAGE 


MULTIPLEXERS 
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Typical Performance Curves (continued) 


Is(OFF) (PA) 


Vs (V) 


FIGURE 7. SOURCE LEAKAGE CURRENT vs SOURCE VOLTAGE 


-(I-) (uA) 


F 


I+, I- (nA) 


100 1K 10K 100K 1M 10M 
SWITCHING FREQUENCY (Hz) 


IGURE 9. NEGATIVE SUPPLY CURRENT vs SWITCHING 
FREQUENCY 


TEMPERATURE (°C) 


FIGURE 11. Isyppty vs TEMPERATURE (LOG SCALE) 
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Vin (V) 


+Vsupp cy (V) 


FIGURE 8. INPUT SWITCHING THRESHOLD vs SUPPLY VOLTAGE 


I+ (mA) 


104 


103 


102 


100 1K 10K 100K 1M 10M 
SWITCHING FREQUENCY (Hz) 


FIGURE 10. POSITIVE SUPPLY CURRENT vs SWITCHING 


I- (nA) 


FREQUENCY 


-200 


-400 


-600 


-55 5 45 85 125 
TEMPERATURE (°C) 


FIGURE 12. NEGATIVE SUPPLY CURRENT vs TEMPERATURE 


DG408, DG409 


Typical Performance Curves (Continued) 


C,_ = 10,000pF 
Vin = 5Vp.p 


Q (pC) 
S 


0 | 
a OSA] 
“15 -10 5 0 5 10 15 
TEMPERATURE (°C) Vs (V) 
FIGURE 13. POSITIVE SUPPLY CURRENT vs TEMPERATURE FIGURE 14. CHARGE INJECTION vs ANALOG VOLTAGE Vs 
(DG408) (DG408, DG409) 


SPCR EREE 
Fidiind eee 
ZGEReSee 


DS(ON) (£2) 
'ps(ON) (22) 


DS(ON) (2) 
FDS(ON) (2) 


Vs (V) 
FIGURE 17. rps(on) VS Vg AND TEMPERATURE 


FIGURE 18. rps(on) VS Vg AND TEMPERATURE 
(SINGLE SUPPLY) 


MULTIPLEXERS 
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Typical Performance Curves (continued) 


~<a 
aN 
ZaNGEe 
eeNee 


(dB) 
r=) 


SSS RSE 
so _ | | Poy 


100 1K 10K 100K 1M 10M 100M 8 9 10 11 45 
FREQUENCY (Hz) eeakee 
FIGURE 19. OFF ISOLATION AND CROSSTALK vs FREQUENCY FIGURE 20. SWITCHING TIME vs SINGLE SUPPLY 


200 


| 
ves | 


TA 
-annne 
SCO 


F(EN) 
eee ee 
75 ft ft 
4 +16 +18 +20 +22 


[owen 
+10 +12 +1 3 
VsupPLy (V) Vin (V) 


FIGURE 21. SWITCHING TIME vs BIPOLAR SUPPLY 


175 


150 


t (ns) 
t (ns) 


125 


100 tOFF(EN) 


V+=+15V 
V- = -15V 
REF. 1Vams 


t (ns) 


LOSS (dB) 


FREQUENCY (Hz) 


FIGURE 23. SWITCHING TIME vs Vi,y (BIPOLAR SUPPLY) FIGURE 24. INSERTION LOSS vs FREQUENCY 
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Pin Descriptions - (DG408) 


a 
a 
i 
Negative Power Supply Terminal 

Source (Input) for Channel 1 

Source (Input) for Channel 2 

p 6 | sy Source (Input) for Channel 3 

Source (Input) for Channel 4 

cs Co 
p 9 | se | Source (Input) for Channel 8 

Source (Input) for Channel 7 

Source (Input) for Channel 6 

Source (Input) for Channel 5 

Positive Power Supply Terminal (Substrate) 
GND Ground Terminal (Logic Common) 

Logic Decode Input (Bit 2, MSB) 

Logic Decode Input (Bit 1) 


TRUTH TABLE DG408 


Caps Ds Le | ovome 


Pin Descriptions 


A 
E 


0 
N 
\- 


S2A 
S3A 
S4a 
Da 


(2) 


—h 
—_ 


ine) 


—_ 
Ww 


S 
V 
G 


ao 


1B 
+ 

ND 
Ay 


—_ 


- (DG409) 


SYMBOL DESCRIPTION 
Logic Decode Input (Bit 0, LSB 
Enable Input 


Negative Power Supply Terminal 


SiA Source (Input) for Channel 1a 


[era er 
[ce eer 
[ee tea ar 
[eenstomma 
[eenb oma 


S4pB Source (Input) for Channel 4b 
S3B Source (Input) for Channel 3b 


Sop Source (Input) for Channel 2b 


) 
[oe rare 
[ate oe Som 
[crags comen 


Logic Decode Input (Bit 1, MSB) 


TRUTH TABLE DG409 


NOTES: 
1. Vay Logic “1” 22.4V. 
2. Va, Logic “0” <0.8V. 
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ON SWITCH 


MULTIPLEXERS 


DG408, DG409 
Test Circuits and Waveforms 


—— SWITCH LOGIC 
0 Vp 


Ao Sia - S4a, Da 


A, 0G409 s,, 


A2GND V- 


+15V 


—=—> SWITCH 
0710V = 


OUTPUT 
Dg 


© Vos 
T 35pF 
— “15V — 
FIGURE 25A. FIGURE 25B. 
tp < 20ns 
ts < 20ns 
3V 
LOGIC 
50% 50% 
INPUT oy 
Vs1 
SWITCH 
OUTPUT oy 
Vp 
Vss 
tTRANS <— tTRANS 
Sg ON 
FIGURE 25C. 
FIGURE 25. TRANSITION TIME 
+15V +15V 
LOGIC 
INPUT 


SWITCH 
OUTPUT 


INPUT 
0 Vp 


— = “15V 
FIGURE 26A. FIGURE 26B. 
tr < 20ns 
ts < 20ns 
LOGIC o 
INPUT ov 
OV 
SWITCH 
OUTPUT 
Vp 


Vo 


toFF(EN) 
FIGURE 26C. 


FIGURE 26. ton(EN): toFF(EN) 
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OUTPUT 


0 Vpop 
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Test Circuits and Waveforms (continued) 


+15V 


V+ 


5 +5V 
LOGIC : SWITCH 
° 0 Vp 
35pF 


FIGURE 27A. 


t, < 20ns 
Logic 3Y ty < 20ns 
INPUT 
OV 
Vs 
SWITCH 
OUTPUT 
Vb 


OV 


FIGURE 27B. 


FIGURE 27. BREAK-BEFORE-MAKE INTERVAL 


+15V 


VGEN = CHANNEL | © 
SELECT | | Surur ON sa 
= OFF 
AVo IS THE MEASURED VOLTAGE DUE 
TO CHARGE TRANSFER ERROR, Q 
Q= Cy x AVo 
FIGURE 28A. FIGURE 28B. 
FIGURE 28. CHARGE INJECTION 
ar cay OV +15V 
VouT 
SIGNAL 
GENERATOR see ae 


ANALYZER 


OFF ISOLATION = 20 Log 


Vout 
VIN 


FIGURE 29. OFF ISOLATION 
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ANALYZER 


V 
CROSSTALK = 20Log 2U 


Vin 


FIGURE 30. CROSSTALK 
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Test Circuits and Waveforms (continued) 


OV +15V 


Vout 


SIGNAL 
GENERATOR 


ANALYZER 


V 
INSERTION LOSS = 20 Log oo 
IN 


FIGURE 31. INSERTION LOSS 


OV +15V 


CHANNEL 
SELECT 
IMPEDANCE 

ANALYZER 


FIGURE 32. SOURCE/DRAIN CAPACITANCES 


Typical Applications 
Overvoltage Protection 


A very convenient form of overvoltage protection consists of 
adding two small signal diodes (1N4148, 1N914 type) in 
series with the supply pins (see Figure 33). This arrange- 
ment effectively blocks the flow of reverse currents. It also 
floats the supply pin above or below the normal V+ or V- 
value. In this case the overvoltage signal actually becomes 
the power supply of the IC. From the point of view of the chip, 
nothing has changed, as long as the difference Vs - (V-) 
doesn’t exceed -44V. The addition of these diodes will 
reduce the analog signal range to 1V below V+ and 1V 
above V-, but it preserves the low channel resistance and 
low leakage characteristics. 


Typical application information is for Design Aid Only, not 
guaranteed and not subject to production testing. 


FIGURE 33. OVERVOLTAGE PROTECTION USING BLOCKING 
DIODES 
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Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 
1800um x 3320um x 485um +25um Type: Nitride 
Thickness: 8kA +1 kA 
METALLIZATION: 
Type: SiAl WORST CASE CURRENT DENSITY: 
Thickness: 12kA +1kA 9.1 x 104 A/cm? 


Metallization Mask Layout 
DG408 


EN Ao Ay A2 GND 
(2) (1) (16) (15) (14) 


NC 


(13) V+ 


(12) Ss 


(11) Sg 


° >. @ig9zea <= 


MULTIPLEXERS 
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Die Characteristics 


DIE DIMENSIONS: 
1800um x 3320um x 485um +25um 


METALLIZATION: 


Type: SiAl 
Thickness: 12kA +1kA 


Metallization Mask Layout 


v- (3) 


Sta (4) 


S2a (5) 


DG408, DG409 


PASSIVATION: 
Type: Nitride 
Thickness: 8kA nal kA 

WORST CASE CURRENT DENSITY: 
9.1 x 104 A/cm? 


DG409 
Ay GND 
(16) NC (15) 
SS 
SEZ S| He|| 
(14) V+ 
(13) Sip 
(12) Sop 
(11) S3p 
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m HARRIS DG506A, DG507A, 
semiconvueton DG508A, DG509A 


August 1997 CMOS Analog Multiplexers 
Features Description 
¢ Low Power Consumption The DG506A, DG507A, DG508A and DG509A are CMOS 


e TTL and CMOS-Compatible Address and Enable Inputs Monolithic 16-Channel/Dual 8-Channel and 8-Channel/Dual 
¢ 44V Maximum Power Supply Rating 4-Channel Analog Multiplexers, which can also be used as 


; ' demultiplexers. An enable input is provided. When the 
° -Up | t ae 
: ee cg hi enable input is high, a channel is selected by the address 
reak-Before-Make Switching inputs, and when low, all channels are off. 
e Alternate Source 


A channel in the ON state conducts current equally well in 


A pplications both directions. In the OFF state each channel blocks volt- 
ages. up to the supply rails. The address inputs and the 

* Data Acquisition Systems enable input are TTL and CMOS compatible over the full 

¢ Communication Systems specified operating temperature range. 

¢ Signal Multiplexing/Demultiplexing The DG506A, DG507A, DG508A and DGS5O9A are pinout 

¢ Audio Signal Multiplexing compatible with the industry standard devices. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) PACKAGE 


DG506AAK -55to125 |28Ld CERDIP F28.6 
DGS506AAK/883B -55to125 j28LdCERDIP  |F28.6 


TEMP. 
PART NUMBER | RANGE (°C) PACKAGE 


DG508AAK/883B -55 to 125 |16Ld CERDIP F16.3 
DGS508ABK | -25to85 |16Ld CERDIP F16.3 


16 Ld SOIC 

16 Ld SOIC 

DGSO9AAK/8838 

16 Ld POIP 

Pinouts 

DG506A (PDIP, CERDIP, SOIC) DG507A (PDIP, CERDIP, SOIC) DG508A (PDIP, CERDIP, SOIC) DG509A (PDIP, CERDIP, SOIC) 
TOP VIEW TOP VIEW TOP VIEW TOP VIEW 


MULTIPLEXERS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 31 37.1 
Copyright © Harris Corporation 1997 11-39 


DG506A, DG507A, DG508A, DG509A 


Functional Block Diagrams 


DG506A DG507A 

S1 % S1A 

S2 Son % 

S3 0% S3q % 

S4 o% San % 

S5 0% Ssa o% ma 

$5 o% Sea % 

S7 % S7p o% 

Ss o% Seq o% 

Soo ° SiB 
S10 0% Sop o% 

S11 o% S3B O% 
S12 % S4p o%* 

S13 o% Ssp o% PB - 

= Se 
S15 S73 % 

S16 0% Ay Ap Ag EN Sep o% Ay Ay Ag__ EN (ENABLE INPUT) 


3 Line Binary Address Inputs 
(0 0 0) and EN = 5V 
Above example shows channels 1, and 1p turned ON. 


4 Line Binary Address Inputs 
(0 0 0 1) and EN=5V 
Above example shows channel 2 turned ON. 


DG508A DG509A 
S1 o% Sia 
So o% Son 
S3 % Sop % a 
S4 o% San % ‘ 
S5 % ° Sip 
S7 ” S3B ~ 
Sg o% Ao Ay Ay EN (ENABLE INPUT) S4R o% 


2 Line Binary Address Inputs 
(0 0) and EN = 1 
Above example shows channels 1, and 1p turned ON. 


3 Line Binary Address Inputs 
(1 0 1) and EN = 1 
Above example shows channel 6 turned ON. 


Schematic Diagram 


V+c 


LOGIC TRIP - 


POINT REF 


0 Sx 


GND o 
LOGIC Ay whe, 
INPUT OREN ~ 
V- o 
LOGIC INTERFACE TYPICAL 
AND LEVEL SHIFTER SWITCH 


DG506A, DG507A, DG508A, DG509A 


Absolute Maximum Ratings Thermal Information 
NOU ics done rsdsr ens won Phin cde hee detd 24 enhe bead 44V Thermal Resistance (Typical, Note 2) Oya (°C/W) 8jc (CC/W) 
Ve 16 GOWN 6 oon cee eeke seen ies askew detuned dnmene tows -25V 16 Ld CERDIP Package ........... 75 20 
Wig to Ground (NOG 1) xe scccvccesnexnwnaes (V- -2V), (V+ +2V) 25 Ld CERDIP Package ....e0sa0ces 55 18 
Ve Or V5 tO V4(NGlS 1). canes ese rdvenevs ween ann +2, (V- -2V) 16 Lad POIP Package... ssecscnsecs 100 N/A 
Ve Or Vp fo V- (NOE 1)..2 ik ice ced cwneaneencawas es -2, (V+ +2V) 25 LO PDIP PACKAQG 6 26 ic dw w ewan 60 N/A 
Current, any Terminal ExceptSorD..................0.. 30mA 16 Ld SOIC Package... sacs sncew nes 100 N/A 
Convunuous Currant, SOF Do. 0 cae cee ne sd ae eae ee eae 20mA 28 Ld SOIC Package.............. 70 N/A 
Peak Current, S or D (Pulsed at 1ms, 10% Duty Cycle Max) ....40mA = Maximum Junction Temperature 
CERDIP Package .. owe vaecsanerecusenpusarsneess 175°C 
Operating Conditions PDIP Package... 0.0... .. ccc cece eee e eee enees 150°C 
Maximum Storage Temperature 
Opatanng Teiniperalure Range ‘ : OSU was ccavcvnssunsannsseadavssennens -65°C to 125°C 
Ch, oS vale Pe AREARCSRE PERE PRAT OREO ESTED O*C to 70°C A and B Suffix . . -65°C to 150°C 
SO Son casecraveseasergetuateneteciiees -25°C to 85°C smi Land ‘Tansmarat ire {alder tan dtck O 
KGUTIE oooos cg oeccccc carn nnn ncccs 155°C to 125°C Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. Signals on Vs, Vp or Vix exceeding V+ or V- will be clamped by internal diodes. Limit diode forward current to maximum current ratings. 
2. 8a is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications T, = 25°C, V+ = +15V, V- = -15V, GND = OV, Ven = 2.4V, Unless Otherwise Specified 
DG506AA, DG507AA, 
DG508AA, DG509AA 

(NOTE 1) lie 


DGS506AB/C, DG507AB/C, 
DG508AB/C, DG509AB/C 


(NOTE 1) 
TYP | MAX | UNITS 


+ 
< 
me) 


TEST CONDITIONS 


PARAMETER 
DYNAMIC CHARACTERISTICS 


Multiplexer, trRANSITION 

Interval, topeEN 

tON(EN) 

tOFF(EN) 

Ven = OV, Ry = 1kQ, C, = 15pF, 


Vs = 7Vpms: f = 500kHz (Note 3) 
Source Off Capacitance, | Vs = OV, Ven = OV, f = 140kHz 
Cs(OFF) 


DGS506A, DG507A 
DG508A, DG509A 


Drain Off Capacitance, 
CD(OFF) 
DG506A 


DG507A 
DG508A 
DG509A 


Charge Injection, Q 
DG506A, DG507A 


DG508A, DG509A 
INPUT 


Address Input Current, Va = 2.4V - -0.002 
Input Voltage High, lay Va = 15V 0.006 


a = 
” 


i=) 
ine) 
” 


07) 


oO 

- 
i= 

” 


no} 
n 


Vp = OV, Ven = O*V, f = 140kHz 


BSS 
oO 
no} 


NO 
Ww 


om me) 


ine) 
7 


See Figure 6 


O 


O 


= 
> 


som me) wT T = = 
TE TY ma 


al 
fo) 
' 
—_ 
ro) 
' 
—-— 1° 
5 
©} po 


io) 
2) 
—) 
ss 
co) 
= 
> 
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DG506A, DG507A, DG508A, DG509A 


Electrical Specifications T, = 25°C, V+ = +15V, V- = -15V, GND = OV, Ven = 2.4V, Unless Otherwise Specified (Continued) 
DG506AA, DG507AA, | DG506AB/C, DG507AB/C, 
DG508AA, DG509AA_ | DGS508AB/C, DG509AB/C 

(NOTE 1) (NOTE 1) 

PARAMETER TEST CONDITIONS TYP TYP 


SWITCH 


% 


ATps(ON) = 


3]5 
>| > 


VANALOG 
Drain Source On Sequence Each Ig = -200yA, 270 400 270 Q 
Resistance, fps(ON) Switch On Vp =+10V 
VAL = Ig = -200nA, 230 230 
VAH=e4 Vp = -10V 
Greatest Change in Drain | -10V < Vg < +10V 
Source On Resistance r -¢ 
Between Channels, _DS(ON)MAX___DS(ON)MIN) 
Arps(ON) 'DS(ON)AVG 
Source Off Leakage VEN = OV Vg=+10V,Vp=-10V | -1 | 0.002 | 1 | 
Drain Off Leakage Ven =0V 
Current, ID(OFF) 
DG506A 


ai 
Oo 


Vs =-10V, Vp = +10V 0 


— | Vg = +10V, Vp =-10V -0.00 


Drain On Leakage Current, | (Note 4) 


>| > 


0.00 
-0.01 

0.01 
-0.01 


= 
> 


| 
> 


ait = _ ae 

oO oO (2) oO oO};]o 
’ ' ' 
=f oo 


A 


sis 
>| > 


-0.00 


rm 
ro) 
Oo 
fore) oO ot N Sa 
ne) — i) 
ro) ro) oO oO 
= 


=) =) a 


ID(ON) Sequence Each 
DG506A Switch On Vp = Vs(ALL) = +10V -10 0.03 0.03 2 nA 
ane! T-0.06 | 20 | 
Li vA 
DG509A Vp =Vgatty=+10V J - | 0.007 | nA 
Lali Vp = Vs(atty = -10V -20 A 


Positive Supply Current, | Ven = 5.0V, Va = OV 1 
I+ 
Negative Supply Current, | Vey = 5.0V, Va = OV - 
|- 
le ead ; | ; 


_= 
w 


-0.7 


3 
3 


E 
> > > > 


0.7 
Positive Supply Current, | Ven = OV, Va = OV , 
I+ Standby 
Negative Supply Current, | Vey = OV, Va = OV -1.5 -0.7 


= Ss 
ro) on 


-0.7 


nN nN 
‘SS £ 
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DG506A, DG507A, DG508A, DG509A 


Electrical Specifications T, = Over Operating Temperature Range, V+ = +15V, V- = -15V, GND = OV, Ven = 2.4V, 
Unless Otherwise Specified 


DGSO6AB/C, 
DG507AB/C, 
DG506AA, DG507AA, DG508AB/C, 
DG508AA, DG509AA DG509AB/C 
(NOTE 2) (NOTE 2) 
PARAMETER TEST CONDITIONS TYP TYP UNITS 
INPUT 


Input Voltage High, lay Va = 15V 


Address Input Current Ven = 2.4V Va = OV 
Input Voltage Low, la, VEN = OV 


SWITCHING CHARACTERISTICS 


Analog Signal Range, (Note 5) -15 
VANALOG 


Drain Source On Sequence Each | Is = -200nA, Vp = +10V 


Resistance, "ps(On) Switch On Ig = -200pA, Vp = -10V 
Va = 0.8V 
VaH = 2.4V 


Source Off Leakage VEN = OV Vs =+10V, Vp = -10V 
Current, IS(GFF) Vg=-10V,Vp=+10V | -5 


Drain Off Leakage Current, | Ven = 0V 
ID(OFF) 
DG506A 


8 
oO 

= 
[5 


Ww 


ala 
oo 
EE 
> 


+ 
sail 
on 
|< 


=| 
> 


Oo 


Vg =-10V, Vp = +10V 


DGBOTA 


DG509A Vg =-10V, Vp = +10V 
Vg=+10V,Vp=-10V | -100 


300 


= Pe Be 
>i >i] > 


>| > >| > 


=i 
oO 
oO 


Drain On Leakage Current, 
ID(ON) 
DG506A 


DG507A 
DG508A 
DG509A Vp = Vs(ALL) = +10V 


Vp = Vs(ALL) = -10V - 
POWER SUPPLY CHARACTERISTICS 
Positive Supply Current, I+ Ven = 5.0V, Va = OV -3.2 


Negative Supplu Current I- Ven = 5.0V, Va = OV -3.2 
Positive Standby Supply Current I+ Ven = OV, Va = OV -3.2 


= -3.2 


Negative Standby Supply Current I- Ven = OV, Va = OV 
NOTES: 
. Typical values are for design aid only, not guaranteed and not subject to production testing. 


(Note 4) 
Sequence Each 
Switch On 

VaL = 0.8V 
VaH = 2.4V 


w 
=) 
—) 
=, 

> 


= 
> 


Vp = VS(ALL) = -10V -300 
Vp= VS(ALL = +10V 


= 5 
>| > 


Vp = Vs(ALL) = -10V ; 
Vp = VS(ALL) = +10V 
Vp = Vs(ALL) = -10V 


aia 
Pi > 


—s 


Nh 
Oo (o) 


Oo Oo oO 
oO Oo oO 
ao I i; sto,toto is J 


Vp = VS(ALL 


on on 
P| ry ri > 


_ 


. The algebraic convention whereby the most negative value is a minimum, and the most positive value is a maximum, is used in this data sheet. 
. Off isolation = 20Log IVs!/IVp!, where Vs = input to Off switch, and Vp = output due to Vs. 

. ID(ON) IS leakage from driver into “ON” switch. 

. Parameter not tested. Parameter guaranteed by design or characterization. 


or W PY 
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DG506A, DG507A, DG508A, DG509A 


Typical Performance Curves 


550 400 


V+=415V V-=-15V 
VEN = 2.4V 


450 | V+ = +12V, V- =-12V ~ Io = -200nA — — 
400 (V+ = +7-5V, V- = -7.5V 4 300 i 
0h , 10V SIGNALS 


air 
eT 


DS(ON) (82) 
DS(ON) (£2) 
NO 
S 


ANALOG SIGNAL VOLTAGE (V) 


TEMPERATURE (°C) 


FIGURE 1. rps(on) Vs ANALOG SIGNAL VOLTAGE vs FIGURE 2. TYPICAL rps(on) VARIATION WITH TEMPERATURE 


SUPPLY VOLTAGE 


Test Circuits and Waveforms 


+2.4V 9 


> +15V +2.4V ¢ 9 +15V 
V+ 


N — S; f° +10V EN DG507A SiB 
ee (NOTE 2) 
ee Sq THRU S 

ASS) THRU S45 bei i 


Da 
Ao S2p, AND S7g 


SWITCH SWITCH 

OUTPUT OUTPUT 
LOGIC 2 Vp LOGIC 2 VD 
INPUT 


NOTE: 1. Similar connections for DG508A NOTE: 2. Similar connections for DG509A 


FIGURE 3A. trRaNsiITION SWITCHING TIME TEST CIRCUIT FIGURE 3B. trRaNnsiTiION SWITCHING TIME TEST CIRCUIT 


Vs1 
0.8Vs1 
SWITCH 
OUTPUT 0 
Vp 
0.8Vsg 
Vss 
LOGIC INPUT 
t, < 20ns TRANSITION 
ts < 20ns S; ON 


TRANSITION 
FIGURE 3C. trRansition SWITCHING TIME WAVEFORMS 
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Test Circuits and Waveforms (continued) 
9 +15V 


DG506A 
(NOTE 1) 


So THRU Si¢ 


SWITCH 
OUTPUT 
e Vo 


-15V 


NOTE: 1. Similar connections for DG508A 


FIGURE 4A. ENABLE ton and tore SWITCHING TIME TEST 
CIRCUIT 


Oo -5V 


DG507A 
(NOTE 2) 


Sia THRU Sga, 
Da, 
Sop THRU Sg 


I-44 


-15V 
NOTE: 2. Similar connections for DG509A 


FIGURE 4B. ENABLE ton and tore SWITCHING TIME TEST 
CIRCUIT 


3V 
EN 50% 50% 
OV 
ton (EN) toFF (EN) 
OV 
0.1Vo 
SWITCH 
OUTPUT 
Vo 
ty < 20ns 0.9Vo 
ty < 20ns Vo 


FIGURE 4C. ENABLE ton and tore SWITCHING TIME WAVEFORMS 


+2.4V 9 


0 +5V 


ALL S AND Da 


DG506A 
DG507A 


(NOTE 3) 


SWITCH 
OUTPUT 
0 Vp 


NOTE: 3. Similar connections for DG508A, DG509A. 


FIGURE 5A. topen (BREAK-BEFORE-MAKE) SWITCHING TIME 
TEST CIRCUIT 


ae ae 
LOGIC 
INPUT 
OV 


— >| topeNn 


tr < 20ns 
ty < 20ns 


FIGURE 5B. topen (BREAK-BEFORE-MAKE) SWITCHING TIME 
WAVEFORMS 


” 
cc 
rm 
>< 
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— 
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5 
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DG506A, DG507A, DG508A, DG509A 
Test Circuits and Waveforms (continued) 


9 +15V 


9 +15V 


DG507A 
(NOTE 2) 


Sia, Sip 


2 Vo 0 Vo 
| 1000pF | 1000pF 
NOTE: NOTE: 
1. Similar connections for DG508A. 2. Similar connections for DG509A. 
FIGURE 6A. CHARGE INJECTION TEST CIRCUIT FIGURE 6B. CHARGE INJECTION TEST CIRCUIT 
3V 
EN / \ 
0 


: 


AVo 


AVo is the measured voltage error due to charge injection. 
The error voltage in Coulombs is Q = Cy, x AVo. 


FIGURE 6C. CHARGE INJECTION WAVEFORMS 
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Truth Tables 


DG506A DG507A 


Logic “O” = Vai, VEnL < 0.8V, Logic “1” = Van, VENH 2 2.4V. 


DG509A 


Logic “O” = Va, Vent < 0.8V, Logic “1” = Vay, VENH 2 2.4V. 


DG508A 


Ao, At, EN 
Logic “1” = Vay > 2.4V, Logic “0” = Va, < 0.8V. 


Ag, Ai, Ao, EN 
Logic “1” = Vay 2 2.4V, Logic “0” = Va; < 0.8V 
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Die Characteristics 


DIE DIMENSIONS: 
3810um x 2770um 


METALLIZATION: 
_ Type: Al 
Thickness: 10kA +1kA 


DG506A, DG507A, DG508A, DG509A 


PASSIVATION: 
Type: PSG/Nitride 
Thickness: PSG: 7kA +1.4kA 
Nitride: aes +1.2 

WORST CASE CURRENT DENSITY: 
9.1x 104 A/cm? 


Metallization Mask Layout 


DG506A 


Le Tae a 


GN NC 


ee 
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Die Characteristics 

DIE DIMENSIONS: 
3810um x 2770um 

METALLIZATION: 


Type: Al 
Thickness: 10kA +1kA 


DG506A, DG507A, DG508A, DG509A 


PASSIVATION: 


Type: PSG/Nitride 
Thickness: PSG: 7kA +1 4kA 


WORST CASE CURRENT DENSITY: 
9.1 x 104 A/cm? 


Metallization Mask Layout 


GND NC NC Ao 


DG507A 


lee ‘wl 


MULTIPLEXERS 
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Die Ch 
DIE DIMENSIONS: 
100um Type: PSG/Nitride 
| : PSG: 7kA +1.4kA 
ETALLIZATION: A +4 OKA 
Type: Al URREN 
A+1kA 


DG506A, DG507A, DG508A, DG509A 


Die Ch 
DIE DIMENSIONS: 
OOum Type: PSG/Nitride 
i SG: 7kA +1.4kA 
ETALLIZATION: A41 KA 
Type: Al CURRENT DENSI 
Thickness: 10 kA +1kA ; 


DGSO9A 


a os ae 
tie 


a =r? 


August 1997 


Complete Data Sheet available via web, Harris’ 
home page: http://www.semi.harris.com 
or via Harris AnswerFAX, see Section 17 


Features 
© SiGe) AaNG vvicvsreovcaerkouetaensegsneens +15V 
o PON” FOSGUICe 66 ssin tnd seaewrerir eee nouees 2502 
* Input Leakage (Max) .. 2.2.6 .cscccsmncctawesss 50nA 
S BCCHAS TMS cxkneccchn ans eeianeinseeeeias 350ns 
* Power Consumption . se cciccctesssavessanens 5mW 
e DTL/TTL Compatible Address 
* Operation cs0cisnvscewnxsavenwanwe -55°C to 125°C 
Applications 
¢ Data Acquisition Systems 
¢ Precision Instrumentation 
e Demultiplexing 
¢ Selector Switch 
Pinouts 
HI-1818A (CERDIP, PDIP) 
TOP VIEW 
ADDRESS Aj | 1| 16] ADDRESS Ap 
+5V SUPPLY | 2 -VsupPLY 
ENABLE 14] +VsuPPLy 
ADDRESS Az [4] 13] IN 1 
IN 8 | 5] 12] OUT 
IN 7 [6] 41] IN 2 
IN 6 HO} IN 3 
IN5 [8 IN 4 
HI-1818A (PLCC) 
TOP VIEW 
See? 
HEE 
ENABLE +VsUPPLY 


A [5 77] IN 1 
Nc [6] Te] NC 
IN8 15] OUT 
IN7 [8 Ta] IN 2 


NC 


[9] [19 12} fi3| 
o ww zr 6} 
Zz = Zz 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 


Description 


The Hl-1818A and HI-1828A are monolithic, high 
performance CMOS analog multiplexers offering built-in 
channel selection decoding plus an inhibit (enable) input for 
disabling all channels. Dielectric Isolation (Dl) processing is 
used for enhanced reliability and performance (see Applica- 
tion Note 521). Substrate leakage and parasitic capacitance 
are much lower, resulting in extremely low static errors and 
high throughput rates. Low output leakage (typically 0.1nA) 
and low channel ON resistance (250) assure optimum 
performance in low level or current mode applications. 


The HI-1818A is a single-ended, 8-Channel multiplexer, while 
the HI-1828A is a differential 4-Channel version. Either device 
is ideally suited for medical instrumentation, telemetry systems, 
and microprocessor based data acquisition systems. 


For MIL-STD-883 compliant parts, request the HI-1818A/883; 
HI-1828A/883 data sheet. 


HI-1828A (CERDIP, PDIP) 
TOP VIEW 


ADDRESS Ai [7] 16] ADDRESS Ap 


+5V SUPPLY [2] -VsupPLy 
ENABLE +VSUPPLY 
OUT 5 THRU 8 [4] Ta] IN 4 
INB [5] 12] OUT 1 THRU 4 


IN7 [6] 


IN 6 


INS [8 


10] IN 3 


TOP VIEW 


| wo} +5V 
ra] Ay 
TS] ne 


ENABLE [4 B| +VSUPPLY 
OUT 5 THRU 8 [5] 17] IN 1 
Nc [6 Te] NC 
IN8 T5] OUT 1 THRU 4 
IN7 [8 4] IN 2 
9} [lof [tay [12} 3) 
o wow Oo tf O- 
zz2Z22z22 
File Number 3141.1 
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HI-1818A, HI1828A 


TEMP. 
PART NUMBER | RANGE (°C) PACKAGE 
H11-1828A-7 0 to 75 +96 |16 Ld CERDIP F16.3 
Hour Burn-in 
0 etapoir eres | 


16 Ld PDIP E16.3 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) PACKAGE 


Functional Block Diagrams 


HI-1818A 


DIGITAL ADDRESS 
ee a ENABLE 


ADDRESS 
INPUT 
BUFFERS 


ENABLE 
BUFFER MULTIPLEX 


SWITCHES 
OIN 1 


DECODERS 


HI-1828A 


ENABLE 


zx 
INPUT ¥ z g BUFFER MULTIPLEX 
BUFFERS SWITCHES 
: ‘ ‘ OIN 1 
C [v DECODERS . RP 
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= HI-506, HI-507, 
oS HI-508, HI-509 


Single 16 and 8/Differential 8-Channel and 


ao 


August 1997 4-Channel CMOS Analog Multiplexers 
Features Description 
© Low ON Resistance .....ecensscsccnausewne 180Q The HI-506/HI-507 and HI-508/HI-509 monolithic CMOS 


multiplexers each include an array of sixteen and eight ana- 
log switches respectively, a digital decoder circuit for channel 
e TTL/CMOS Compatible selection, voltage reference for logic thresholds, and an 
enable input for device selection when several multiplexers 
are present. The Dielectric Isolation (DI) process used in fab- 
e Maximum Power Supply ................00e0e 44y___rication of these devices eliminates the problem of latchup. 
DI also offers much lower substrate leakage and parasitic 
capacitance than conventional junction isolated CMOS (see 
No Latch-Up Application Note AN521). 


e Wide Analog Signal Range .................... +15V 


®e AcceSS Time ....... 000 cee nec ee nunnccaees 250ns 


e« Break-Before-Make Switching 


@ 


° Replaces DG506A/DG506AA and DG507A/DG507AA The switching threshold for each digital input is established by 

an internal +5V reference, providing a guaranteed minimum 
Replaces DGS08A/DGS508AA and DG509A/DGS09AA 2.4V for logic “1” and maximum 0.8V for logic “0”. This allows 
| direct interface without pullup resistors to signals from most 
| Applications logic families: CMOS, TTL, DTL and some PMOS. For protec- 
| tion against transient overvoltage, the digital inputs include a 
series 200Q resistor and diode clamp to each supply. 


® 


| « Data Acquisition Systems 


* Precision instrumentation The HI-506 is a single 16-Channel, the HI-507 is an 
¢ Demultiplexing 8-Channel differential, the HI-508 isa single 8-Channel and 

the HI-509 is a 4-Channel differential multiplexer. The 
* Selector Switch H!-506/HI-507 are available in a 28 lead ceramic or plastic 


DIP, 28 pad leadiess chip carrier (CLCC), 28 pin plastic 
leaded chip carrier (PLCC) and 28 lead SOIC packages. The 
HI-508/HI-509 are available in a 16 pin plastic or ceramic 
DIP, a 20 pin plastic leaded chip carrier (PLCC), 20 pad 
ceramic leadless chip carrier (CLCC) and 16 lead SOIC 
packages. 


lf input overvoltages are present, the HI-546/HI-547/HI-548/ 
HI-549 multiplexers are recommended. For further information 
see Application Notes AN520 and AN521._ The 
HI-506/HI-507/HI-508/HI-509 is offered in both commercial and 
military grades. For additional High Reliability Screening 
including 160 hour burn-in specify the “-8” suffix. For 
MIL-STD-883 compliant parts, request the HI-506/883, 
HI-507/883, HI-508/883 or HI-509/883 data sheet. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 31 42 1 
Copyright © Harris Corporation 1997 11-54 
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TEMP. 
PART NUMBER | RANGE (°C) 
HI1-0508-8 Hi-Rel 16 Ld CERDIP F16.3 
Pressing with 
Burn-In 


HI1-0508-5 F16.3 
HI3-0508-5 E16.3 
HI1-0508-4 F16.3 
HI1-0508-2 F16.3 
HI4P0508-5 N20.35 
HI9P0508-5 M16.15 


HI1-0509-8 Hi-Rel 16 Ld CERDIP F16.3 
Pressing with 
Burn-in 


H14-0509/883 J20.A 
rieP0509-8 6. 
rleP0509-9 wie. 
ni-0508- ries 
ri-0608- ries 
rig 0600-5 E168 
rl4P0500-8 N20 35 
r-0809-2 ries 


HI1-0509-7 0 to 75 +96 116 Ld CERDIP F16.3 
Hour Burn-in 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 


HI 1-0506/883 -55 to125 |28Ld CERDIP F28.6 


HI1-0506-8 Hi-Rel 28 Ld CERDIP F28.6 
Pressing with 
Burn-In 


HI1-0507/883 F28.6 
HI9P0506-9 M28.6 
HI3-0506-5 E28.6 


HI1-0506-7 F28.6 
Hour Burn-In 

H19P0506 283 

n-05068 r288 

ni0506 288 

HI1-0506-2 F28.6 


HI1-0507-8 Hi-Rel 28 Ld CERDIP F28.6 
Pressing with 
Burn-In 


HI4-0507/883 J28.A 
HI1-0507-4 F28.6 
HI4P0507-5 N28.45 
HI9P0507-5 M28.3 
HI1-0507-5 F28.6 
HI3-0507-5 E28.3 
HI9P0507-9 M28.3 
HI1-0507-2 F28.6 
HI1-0508/883 F16.3 
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HI-506, HI-507, HI-508, HI-509 


Pinouts 
HI-506 HI-507 
(PDIP, CERDIP, SOIC) (PDIP, CERDIP, SOIC) 
TOP VIEW TOP VIEW 
+VsuppLy [1 28] OUT +VsuppPLy [1 [28] OUT A 
NC [2 -VSUPPLY OUT B [2| -VSUPPLY 
NC | 3] 26] IN 8 NC | 3] 26] IN 8A 
IN 16 | 4) 25] IN 7 IN 8B | 4 25] IN 7A 
IN 15 | 5] 24] IN 6 IN7B[ 5) 24] IN6A 
IN 14] 6) 23] IN 5 IN 6B | 6 IN 5A 
IN 13 IN 4 IN 5B IN 4A 
IN12]8| 21] IN 3 IN 4B | 8| 21] IN3A 
IN 11] 9] 20} IN 2 IN 3B | 9| 20] IN 2A 
IN 10 }10 19] IN 4 IN 2B |10| 19] IN 1A 
IN 9 11) 18] ENABLE IN 1B [11] 18] ENABLE 
GND }12| ADDRESS Ao GND }12| ADDRESS Ag 
NC [13] 16] ADDRESS A, NC [13] 16] ADDRESS A, 
ADDRESS A3 15] ADDRESS A> NC [14 115] ADDRESS A> 


HI-506 HI-507 
(CLCC, PLCC) (CLCC, PLCC) 
TOP VIEW 


IN 15 IN7 IN 7B IN 7A 
IN 14 IN 6 IN 6B IN 6A 
IN 13 IN 5 IN 5B IN 5A 
IN 12 IN 4 IN 4B IN 4A 
IN 11 IN 3 IN 3B IN 3A 
IN 10 IN 2 IN 2B IN 2A 

IN9 IN 1 IN 1B IN1A 


1 
d 
I 
d 


o 
o 


ENABLE 
ENABLE 
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Pinouts (Continued) 


HI-508 
(PDIP, CERDIP, SOIC) 
TOP VIEW 


HI-508 
(CLCC, PLCC) 
TOP VIEW 


1© | ENABLE 


- 
-VSUPPLY 118] GND 
ine 
IN 1 a7 +VSUPPLY 
NC 1161 NC 
i 
IN 2 1151 INS 


IN 3 114) IN6 
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-VSUPPLY 


IN 2A 


HI-509 
(PDIP, CERDIP, SOIC) 
TOP VIEW 


Ao {| 1| 16] Ay 


ENABLE [2| 15] GND 
-Vsuppy [3 | +VSUPPLY 
IN 1A [4] IN 1B 
IN 2A [5] 2] IN 2B 
IN3A [6 7] IN 3B 
IN 4A 10) IN 4B 
out A [8] 9] OUT B 


HI-509 
(CLCC, PLCC) 
TOP VIEW 


_ 
4 118] +VsuPPLY 
"1 rs 
IN 1A 117] IN 1B 
nc| 6 1161 NC 


[ | 
5] IN 2B 
L 


IN3A | 8 14 IN 3B 
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Functional Diagrams 
HI-506 


IN 1 


IN 2 


DECODER/ 
DRIVER 


IN 16 


+ DIGITAL 
INPUT 
PROTECTION 


HI-506, HI-507, HI-508, HI-509 


Ao A; A2 Ag EN 


HI-508 


IN 1 


IN 2 


DECODER/ 
DRIVER 


IN8 


+ DIGITAL 
INPUT 
PROTECTION 


OUT 
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IN 1A 


IN 8A 


IN 1B 


IN 8B 


IN 1A 


IN 4A 


IN 1B 


IN 4B 


HI-507 


DECODER/ 


DRIVER 


+ DIGITAL 
INPUT 
PROTECTION 


HI-509 


DECODER/ 
DRIVER 


+ DIGITAL 
INPUT 
PROTECTION 


HI-506, HI-507, HI-508, HI-509 


Schematic Diagrams 
ADDRESS DECODER 


Tg TT 


al 


TO P-CHANNEL 
DEVICE OF 
THE SWITCH 


a 


TO N-CHANNEL 
DEVICE OF 
THE SWITCH 


ENABLE 
DELETE Ag OR A3 INPUT FOR HI-507 
DELETE Ag OR A3 INPUT FOR HI-508 
DELETE Az OR A> INPUT FOR HI-509 > V- 


ADDRESS INPUT BUFFER LEVER SHIFTER 


+V 
D1 
D2 
2002 
V 
AIN ALL N-CHANEL BODIES TO V- 
. ALL P-CHANNEL BODIES TO V+ 
-V UNLESS OTHERWISE INDICATED 
TTL REFERENCE CIRCUIT MULTIPLEX SWITCH 
V+ 
FROM DECODE 
LE Lae (eer ase] ose 


VL 


”n 
em 
uj 
FROM DECODE ft 
= 
v- GND Oo. 
= 
= 
= 
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Absolute Maximum Ratings 


VSUPPLY(+) to VSUPPLY(-) (eubue sn suds oaoe keene ee amore +44V 
VSuUPPLY(s) TOGND « ssccncscscevaweeisivanta eevaewss +22V 
VSUPPLY(-) 1 Ne scare he teewewwawednreossebacesias -25V 
Digital Input Overvoltage 
PVE PVA cus cic esse t scenes ne nendea sane +VsuppLy +4V 
| ee ee ee ee eee eee eee -VsuPPLy -4V 


or 20mA, Whichever Occurs First 
Analog Signal Overvoltage (Note 7) 


ONE: 6 oases ces op oTKesn a Pea SE REDE THESE Had +VsuppLy +2V 
VS <ceh oth nd en hs AES HOI o RROD SRR EON RR EHS -VsuPPLY -2V 
Continuous Current, Sor D ... cnn we niawnwcewe can wewnen 20mA 
Peak Current, SOV D 2s cas cccacwse cd vse eackn wawe nse s ee 40mA 


(Pulsed at 1ms, 10% Duty Cycle Max) 


Operating Conditions 
Temperature Ranges 


HI-506/507/508/509-2, -8....... 0... c ee eee -55°C to 125°C 
HI-506/507/508/509-4......... 0.0.0 cee eee eee -25°C to 85°C 
HI-506/507/508/509-5..... 0... cc ee eee ee eee eee 0°C to 75°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) Oya (CCW) ®8jc (°C/W) 
16 Ld CERDIP Package ........... 85 32 


16 Ld SOIC Package. «cic scncansss 115 N/A 

16 Ld PDIP PaCkKa0s 2.666 cree ences 100 N/A 

20 LO CLOC PaCKAGG 265s ccscawens 80 28 

201d PLCC PACKERS 266s. cedw caus 80 N/A 

23 Ld CERDIP Package .....a<nsus 55 18 

26 Ld PDIP Package... .escnesesaes 60 N/A 

28 Ld SOIC PackagG.« c.csccsevess 70 N/A 

28 Ld CLOC Package . 256 seeiasoes 70 20 

28 Ld PLCC Package ............. 70 N/A 
Maximum Junction Temperature 

Coramic Parkes 61s sscdaariawvendinsovesuwev eens 175°C 

PigshG PAGMEGG ss 6.0 See cun cin eeidwen eniuwnentouas 150°C 
Maximum Storage Temperature Range .......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC and PLCC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. @ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Supplies = +15V, -15V; Vay (Logic Level High) 


= +2.4V; Va, (Logic Level Low) = +0.8V, 


Unless Otherwise Specified. For Test Conditions, Consult Performance Curves 


SWITCHING CHARACTERISTICS 


Access Time, la (Note 1) 


Enable Delay (ON), tonen a == 


Enable Delay (OFF), toOFF(EN) we 


Settling Time to 0.1%, ts —E 


(HI-506 and HI-507) 


Settling Time to 0.01%, ts 
(HI-506 and HI-507) 


Settling Time to 0.1%, ts 
(HI-508 and HI-509) 


Settling Time to 0.01%, ts 
(HI-508 and HI-509) 


“Off Isolation” 


Channel Input Capacitance, 
Cs(OFF) 

Channel Output Capacitance, 
Cp(orF) (HI-506) 

Channel Output Capacitance, 
Cp(oFF) (HI-507) 

Channel Output Capacitance, 
CD(OFF) (HI-508) 

Channel Output Capacitance, 
Cp(oFF) (HI-509) 


TEST TEMP | __HI-SXX-2, HI-SXX-8 HI-SXX-4, HI-SXX-5 


ea 

ee ee 

Ee A 
250 


a a 
ae 
a ee 
a ae 
= 
ee 
a 


[000 re 
= 
oT 


of 


500 
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Electrical Specifications Supplies = +15V, -15V; Vay (Logic Level High) = +2.4V; Va, (Logic Level Low) = +0.8V, 
Unless Otherwise Specified. For Test Conditions, Consult Performance Curves (Continued) 


PARAMETER CONDITIONS | (°C) SaEIENaiaetiemmmmmanane aie UNITS 
EL 


Input to Output racers, 
Cps(OFF) 


DIGITAL INPUT CHARACTERISTICS 


Input Low Threshold, Va, (Note 1) 


Input High Threshold, Vay (Note 1) 


Input Leakage Current (Notes 1, 4) Full 
(High or Low), Ia 


ANALOG CHANNEL CHARACTERISTICS 


+0.8 +0.8 


' - 
ine) 
BSN 


Bi 
— 
oO 
: = 
> 


Analog Signal Range, Vs -15 +15 


+ 
—_ 
on 


co) 


(Notes 1, 2) 180 300 180 


re) 


le 


On Resistance, ron 
Aron, (Any Two Channels) 


| 25 
25 
Off Input Leakage Current, (Note 3) | 25 | 
|Full 


IS(OFF) Full 


(Note 3) haa 
(Note 3) [ 2 
(HI-507, HI-509 Only) 


% 
A 
A 


= 
on 
ol = 
oO 
| ah 


— io) 


0.03 0.03 


=) 


> = 


nn 
o 

= 

> 
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POWER REQUIREMENTS 
Current, |-, Pin 27 HI-506/HI-507 | (Note 6) 
HI-506/HI-507 
1. 100% tested for Dash 8. Leakage currents not tested at -55°C. 
. Digital input leakage is primarily due to the clamp diodes (see Schematic). Typical leakage is less than 1nA at 25°C. 
. Signal voltage at any analog input or output (S or D) will be clamped to the supply rail by internal diodes. Limit the resulting current as 


Current, |+, Pin 1 HI-506/HI-507 | (Note 6) 
Current, I-, Hl-508/HI-509 (Note 6) 
HI-508/HI-509 
. Vout = £10V, lout = +1mA. 
. Ven = 0.8V, Ry = 1K, C, = 15pF, Vs = 7Vpws, f = 100kHz. 
shown under absolute maximum ratings. If an overvoltage condition is anticipated (analog input exceeds either power supply voltage), 


Current, I+, HI-508/HI-509 (Note 6) 
Power Dissipation, Pp 
Full 
NOTES: 
. 10nA is the practical lower limit for high speed measurement in the production test environment. 
. Ven, Va = OV or 2.4V. 
the Harris HI-546/HI-547/HI-548/HI-549 multiplexers are recommended. 
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Typical Performance Curves 1p = 25°C, Vsuppiy = +15V, Van = 2.4V, Vat = 0.8V, Unless Otherwise Specified 


FIGURE 1A. TEST CIRCUIT 


125°C TO -55°C 


ON RESISTANCE (22) 
nN 
° 
ro) 


NORMALIZED RESISTANCE 
(REFERRED TO VALUE AT +15V) 


irons Gees: eee 
Le | ee 
+5 


0 ; 
“15 -10 5 0 +10 +15 + +9 +10 «+11 +12 «4130 «+140 +15 
ANALOG INPUT (V) SUPPLY VOLTAGE (V) 
FIGURE 1B. ON RESISTANCE vs ANALOG INPUT VOLTAGE, FIGURE 1C. NORMALIZED ON RESISTANCE vs SUPPLY 
_ TEMPERATURE VOLTAGE 


FIGURE 1. ON RESISTANCE 


100nA 


OFF OUTPUT 


40nA LEAKAGE CURRENT 


1nA 


LEAKAGE CURRENT 


Wg OFF INPUT L I 
RRENT 
vn LEAKAGE CURREN a5 dl. 


IS(OFF) 


TEMPERATURE (°C) 
FIGURE 2A. LEAKAGE CURRENT vs TEMPERATURE FIGURE 2B. Iporr) TEST CIRCUIT 


11-62 


HI-506, HI-507, HI-508, HI-509 


Typical Performance Curves Ta = 25°C, Vsuppty = +15V, Van = 2.4V, Vat = 0.8V, Unless Otherwise Specified (Continued) 


+2.4V 
FIGURE 2C. IS(OFF) TEST CIRCUIT FIGURE 2D. ID(ON) TEST CIRCUIT 


FIGURE 2. ON RESISTANCE 
NOTE: 
1. Two measurements per channel: +10V/-10V and -10V/+10V. (Two measurements per device for Ip(OFF) +10V/-10V and -10V/+10V.) 
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FIGURE 3. LOGIC THRESHOLD vs POWER SUPPLY VOLTAGE FIGURE 4. OFF ISOLATION vs FREQUENCY 


+ POWER SUPPLY CURRENT (mA) 
POWER SUPPLY CURRENT (mA) 
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$5 -35 -15 -5 25 45 65 85 105 125 55 -35 -15 -5 25 45 65 85 105 125 
TEMPERATURE (°C) TEMPERATURE (°C) 
FIGURE 5A. HI-506/HI-507 FIGURE 5B. HI-508/HI-509 


FIGURE 5. POWER SUPPLY CURRENT vs TEMPERATURE 
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Typical Performance Curves 1p, = 25°C, Vsuppry = +15V, Van = 2.4V, Vat = 0.8V, Unless Otherwise Specified (Continued) 
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Ww 
0 
0 +2 +4 +6 +8 +10 +12 +14 = +16 
VOLTAGE ACROSS SWITCH (V) 
FIGURE 6A. ON CHANNEL CURRENT vs VOLTAGE FIGURE 6B. TEST CIRCUIT 
FIGURE 6. ON CHANNEL CURRENT vs VOLTAGE 
8 9 +15V/+10V 
VsuppLy = +15V 
ze 6 
E 
= > +10V/+5V 
yA 
Lu 
= 
5 4 
> Va (1) 502 
a 
a 
=) 
Dn 2 
HIGH = 3.5V 
Va LOW =0V 
0 50% DUTY CYCLE 
1K 10K 100K 1M 10M - . “SUPPLY 
TOGGLE FREQUENCY (Hz) Tenis connection for HI-507/HI-508/ L seuss 
FIGURE 7A. SUPPLY CURRENT vs TOGGLE FREQUENCY FIGURE 7B. TEST CIRCUIT 
FIGURE 7. SUPPLY CURRENT 
> +15V 
2 
Ww 
2 
7 Va (i) 500 
on +10V 
3 PROBE 
< 


2 3 4 5 13 14 15 : 
LOGIC LEVEL (HIGH) (V) + Similar connection for HI-507/HI-508/ ssn eeee 
HI-509 
FIGURE 8A. ACCESS TIME vs LOGIC LEVEL (HIGH) FIGURE 8B. TEST CIRCUIT 
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Switching Waveforms 
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200ns/DIV. 
FIGURE 8C. WAVEFORMS FIGURE 8D. ACCESS TIME 
FIGURE 8. ACCESS TIME 
+15V 
A3 +V 
HI-506 + +5V 
IN 1 ° 
IN 2 THRU 
IN 7/IN 15 
Va (x1) 502 IN 8/16 
Vout 
t  -15v ae 
+ Similar connection for HI-507/HI-508/HI-509 
FIGURE 9A. TEST CIRCUIT 
3.5V Va INPUT 
2V/DIV. 
ADDRESS 
ay DRIVE (Va) 
OUTPUT A OUTPUT 


1V/DIV. 


50% 50% 


| 
> = topeN 


100ns/DIV. 


FIGURE 9B. WAVEFORMS FIGURE 9C. BREAK-BEFORE-MAKE DELAY (topen) 
FIGURE 9. BREAK-BEFORE-MAKE DELAY (topen) 
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Switching Waveforms (continued) 


+ Similar connection for HI-507/HI-508/HI-509 


FIGURE 10A. TEST CIRCUIT 


ENABLE DRIVE 


FIGURE 10B. WAVEFORMS FIGURE 10C. ENABLE DELAY ton(en); toFF(EN) 
FIGURE 10. ENABLE DELAY 


11-66 


HI-506, HI-507, HI-508, HI-509 


Truth Tables 
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“ON” CHANNEL 
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Die Characteristics 


DIE DIMENSIONS: WORST CASE CURRENT DENSITY: 
129 mils x 82 mils 1.4x 10° A/cm? 
METALLIZATION: TRANSISTOR COUNT: 
Type: CuAl 421 
Thickness: 16kA +2kA 
PROCESS: 
SUBSTRATE POTENTIAL (NOTE): piace 


-VSUPPLY 
PASSIVATION: 


Type: Nitride/Silox 
Nitride Thickness: 3.5kA +1kA 
Silox Thickness: 12 +2kA 


NOTE: The substrate appears resistive to the -Vsypp_y terminal, therefore it may be left floating (Insulating Die Mount) or it may be mounted 
on a conductor at -Vsypp_y potential. 


Metallization Mask Layout 
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NOTE: Pad numbers correspond to DIP pin numbers only. 
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Die Characteristics 


DIE DIMENSIONS: WORST CASE CURRENT DENSITY: 
81.9 mils x 90.2 mils 1.4 x 10° A/cm? 
METALLIZATION: TRANSISTOR COUNT: 
Type: CuAl 234 
Thickness: 16kA +2kA 
PROCESS: 
SUBSTRATE POTENTIAL (NOTE): coe 
-VSUPPLY 
PASSIVATION: 


Type: Nitride/Silox 
Nitride Thickness: 3.5kA +1 kA 
Silox Thickness: 12kA +9kA 


NOTE: The substrate appears resistive to the -Vsypp_y terminal, therefore it may be left floating (Insulating Die Mount) or it may be mounted 
on a conductor at -Vsypp_y potential. 


Metallization Mask Layout 
HI-508 HI-509 


EN Ag A; Ag 


EN Ap A; GND 


| (De) ia ay ML | 
a LE le 


iron 
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wy nme 
7 eV = 
ae a | iS 
= Hie = a 
Sy 
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Sar resi 0 4 
iri a: tr ba be! — 


ee 
IN 2A ae ATL I il Nice Log IN 2B 
es) Cx jr; f 
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CI 
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IN 4 OUT IN 8 IN4A OUTA OUT B IN 4B 


NOTE: Pad numbers correspond to DIP pin numbers only. 
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- = HI-506A, HI-507A 
reurcanoueron HI-508A, HI-509A 


16-Channel, 8-Channel, Differential 8-Channel and Differential 
4-Channel, CMOS Analog MUXs with Active Overvoltage Protection 


August 1997 


Features 

e¢ Analog Overvoltage 
¢ No Channel Interaction During Overvoltage 

e Maximum Power Supply ...........02eeeeeeeee 44V 
e Fail Safe with Power Loss (No Latch-Up) 

¢ Break-Before-Make Switching 

e Analog Signal Range..............eeeeeeees +15V 
e Access Time 500ns 

* Power DISSIPANON 2. isucccivevawevcasennes 7.5mW 


Applications 

¢ Data Acquisition Systems 
e Industrial Controls 

e Telemetry 


Ordering Information 
iT one [A 
NUMBER (°c) 


HI1-O506A-8 | -55to 125+ 160 }|28Ld CERDIP 
Hour Burn-In 


F28.6 

HI3-0506A-5 0 to 75 28 Ld PDIP E28.6 

HI1-0507A-8 | -55to125+160 |28Ld CERDIP F28.6 
Hour Burn-in 

HI3-0507A-5 0 to 75 28 Ld PDIP E28.6 

HI1-0508A-7 | 0 to 75 +96 Hour | 16 Ld CERDIP F16.3 

Burn-in 

HI1-0508A-8 | -55to125+160 |16Ld CERDIP F16.3 

Hour Burn-In 


HI3-0508A-5 +0 to 75 16 Ld PDIP E163 
HI1-0509A-2 55to125 |16LdCERDIP |F163 
HI1-0509A-5 16LdCERDIP {F163 


H11-0509A-7 0 to 75 16 Ld CERDIP F16.3 
+ 96 Hour Burn-in 
H11-0509A-8 -55 to 125+160 |16Ld CERDIP F16.3 
Hour Burn-In 


HI3-0509A-5 0 to 75 16 Ld PDIP E16.3 


Description 


The HI-506A, HI-507A, HI-508A and HI-509A are analog 
multiplexers with active overvoltage protection. Analog 
input levels may greatly exceed either power supply without 
damaging the device or disturbing the signal path of other 
channels. Active protection circuitry assures that signal 
fidelity is maintained even under fault conditions that would 
destroy other multiplexers. Analog inputs can withstand 
constant 70Vp.p levels with +15V supplies. Digital inputs 
will also sustain continuous faults up to 4V greater than 
either supply. In addition, signal sources are protected from 
short circuiting should multiplexer supply loss occur. Each 
input presents 1kQ of resistance under this condition. 
These features make the HI-506A, HI-507A, HI-508A and 
HI-509A ideal for use in systems where the analog inputs 
originate from external equipment, or separately powered 
circuitry. All devices are fabricated with 44V dielectrically 
isolated CMOS technology. The HI-506A is a single 16 
channel multiplexer, the HI-507A is an 8-Channel differen- 
tial multiplexer, the HI-508A is a single 8 channel multi- 
plexer and the HI-509A is a differential 4-Channel 
multiplexer. If input overvoltage protection is not needed 
the HI-506/507/508/509 multiplexers are recommended. 
For further information see Application Notes AN520 and 
AN521. 


The HI-506A/507A devices are available in a 28 lead Plas- 
tic or Ceramic DIP and the HI-508A/509A devices are avail- 
able in a 16 lead Plastic or Ceramic DIP package. 


The HI-50XA are offered in industrial/commercial and 
military grades, additional Hi-Rel screening including 160 
hour burn-in is specified by the “8” suffix. For MIL-STD-883 
compliant parts, request the HI-546/883, HI-547/883, 
H|-548/883 or HI-549/883 data sheets. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 
opyrig rri porati 11-70 
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File Number 


HI-506A, HI-507A, HI-508A, HI-509A 


Pinouts 
HI1-506A (CERDIP) 
HI3-506A (PDIP) 
TOP VIEW 
+VsuppLy | 1 | [28] OUT 
NC [2] -VsuPPLY 
NC | 3] 26] IN 8 
IN 16 | 4] 25] IN7 
IN 15 [5 | 24] IN 6 
IN 14 [6| IN 5 
IN 13 IN 4 
IN 12/8] 21] IN 3 
IN 11] 9) 20] IN 2 
IN 10 |10] 19] IN 1 
IN 9 [11 18] ENABLE 
GND [12 ADDRESS Ap 
Vrer {13} 16] ADDRESS A, 
ADDRESS Az 15] ADDRESS Az 
HI1-508A (CERDIP) 
HI3-508A (PDIP) 
TOP VIEW 
Ao [1] 16} Ay 
ENABLE | 2) 15} Az 
-VsuppLy | 3. 14] GND 
IN1 | 4) 13} +VsupPLy 
IN 2] 5| 12] IN 5 
IN3 | 6] 11] IN 6 
IN 4 10] IN 7 
OUT | 8] ORE 
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HI1-507A (CERDIP) 
HI3-507A (PDIP) 
TOP VIEW 


+VsuppLy [1] 28] OUT A 


OUT B [2) -VSUPPLY 
NC | 3| 26] IN 8A 

IN 8B | 4) 25] IN 7A 

IN7B | 5. 24] IN 6A 

IN 6B | 6 IN 5A 

IN 5B IN 4A 

IN 4B | 8 | 21] IN 3A 

IN 3B | 9) 20] IN 2A 

IN 2B |10 19] IN 1A 

IN 1B |11] 18] ENABLE 

GND [12] ADDRESS Ap 


Vrer {13} 16] ADDRESS A, 
NC |14] 15] ADDRESS Az 


HI1-509A (CERDIP) 
HI3-509A (PDIP) 
TOP VIEW 


Ao | 1) 6} Ay 
ENABLE [2] 5] GND 


-Vsuppy | 3| 14] +VsuppLy 


IN1A | 4] 43] IN 1B 
IN 2A | 5 | 12] IN 2B 
IN 3A | 6| 11] IN 3B 
IN 4A 10} IN 4B 


OUT A/8 |9| OUT B 
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Functional Diagrams 
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+ DIGITAL INPUT 
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+ DIGITAL INPUT 
PROTECTION Ag A; Ag EN 


IN 1A 


IN 8A 


IN 1B 


IN 8B 


IN 1A 


IN 4A 


IN 1B 


IN 4B 


TI</2 


OVERVOLTAGE 
CLAMP AND 
SIGNAL 
ISOLATION 


+ DIGITAL INPUT 
PROTECTION 
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DIGITAL INPUT 
PROTECTION 
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OUT 
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DECODER/ 


DRIVER 


VrEF Ap Ay Ag EN 


HI-509A 


DECODER/ 
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Schematic Diagrams 
ADDRESS INPUT BUFFER AND LEVEL SHIFTER 
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Schematic Diagrams (Continued) 


MULTIPLEX SWITCH 


FROM DECODE > 
OVERVOLTAGE PROTECTION 


FROM DECODE > 
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Absolute Maximum Ratings 


Thermal Information 


Veupruyiz) © VSUPPIVE) «1+ cteevrentvewniawsasnnaens +44V Thermal Resistance (Typical, Note 1) Oya (CCIW) 8jc (PCC/W) 
VeUPPiVG OTRO . ccc ntcdsasiancavedevk Haseecnwnd +22V 28 Ld CERDIP Package 
WeUPPIViIOGND. c6cusseucvewareceiek due ennwnee ee +25V (HI-506A, HI-507A) ............ 55 18 
Digital Input Overvoltage 16 Ld CERDIP Package 
PVC AVE (ee ake dreedi khegeaseewdeersd +VsuppLy +4V (HI-508A, HI-509A) ............ 85 32 
BE PUR, cee be oheh ccd eeta bei p baw a ue'e es -VsuppLy -4V 28 Ld PDIP Package 
or 20mA, Whichever Occurs First (HI-506A, HI-507A) ............ 60 N/A 
Analog Signal Overvoltage 16 Ld PDIP Package 
PS Re NSE EER TEM ASK ESTERS RARE RS EEA +VsuppLy +20V (HI-508A, HI-509A) ............. 100 N/A 
i SETTLE EL ETT Te Te eT eC Te eC eee ee -VsuppLy -20V Maximum Junction Temperature 
Continuous Current, SorD ....0asc<scacceeseaeareuees 20mA GERADIP Pagkage nasi sivas vindndsexcecdsaeantonns 175°C 
Peal Gonernt, SOr Ds. ossvncvd ens eveeeiae nie uaisess 40mA PDIP Package ......... 0... ccc cece cece eee enee es 150°C 
Pulsed at 1ms, 10% Duty Cycle (Max) Maximum Storage Temperature Range .......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


Operating Conditions 


Temperature Ranges 
HI-506A/507A/508A/509A-2, -8 .............. -55°C to 125°C 
HI-506A/507A/S08A/S509A-5, -7 ... 0... ee ee ee ee 0°C to 75 °C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Supplies = +15V, -15V; Vagr Pin = Open; Vay (Logic Level High) = +4V; Va, (Logic Level Low) = +0.8V, 
Unless Otherwise Specified. For Test Conditions, Consult Performance Curves 


PARAMETER 


SWITCHING CHARACTERISTICS 


ees <5 Ee 5m nce scok xn ese a 


Break-Before-Make Delay, topen (Note 2) 
5 


Enable Delay (ON), ton(EN) (Note 2) 2 


nim o ” 


>) 
Oo 
oO 


Oo 
oO 


Enable Delay (OFF), torr(eN) (Note 2) 


Settling Time to 0.1%, tg (HI-506A and HI-507A) 


Settling Time to 0.01%, tg (HI-506A and HI-507A) 25 
Settling Time to 0.1%, ts (HI-508A and HI-509A) 25 
Settling Time to 0.01%, tg (HI-508A and HI-509A) 25 


“Off Isolation” (Note 7) 
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DIGITAL INPUT CHARACTERISTICS 


Input Low Threshold, TTL Drive, Va; (Note 2) 


Input High Threshold, Vay (Notes 2, 9) 
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Electrical Specifications Supplies = +15V, -15V; Vaer Pin = Open; Vay (Logic Level High) = +4V; Vat (Logic Level Low) = +0.8V, 
Unless Otherwise Specified. For Test Conditions, Consult Performance Curves (Continued) 


TEMP HI-50XA-2, -8 HI-50XA-5, -7 


PARAMETER (°C) TYP 
Input Leakage Current (High or Low), la (Notes 2, 6) Full 
MOS Drive, Va; , HI-506A/HI-507A (Note 10) 25 
MOS Drive, Vay, HI-SO6A/HI-507A (Note 10) 25 
ANALOG CHANNEL CHARACTERISTICS 
Analog Signal Range, Vs (Note 2) Full 


UNITS 


.0 


* 


0 


= 
< < 5 Ba 


-15 -15 


On Resistance, ron, (Notes 2, 3) 1.2 
15 


0.03 


15 
1.8 


1.8 
1.8 
0.03 


1.8 
2.0 


Full 
25 
Full 


Off Input Leakage Current, Is(oFF) (Notes 2, 4) 


oO 
oO 
Ee 


+ 
ak: 
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Off Output Leakage Current, Ip(oFF) (Notes 2, 4) 


nN 


ine) 
oO oO 


ss 
—_ 


+ 
—_ 
on 


HI-506A Full 300 300 
HI-507A Full 200 200 
HI-508A Full | 200 | 200 A 


HI-509A Full 


With Input Overvoltage Applied, Ip(oFF) (Note 5) 25 
Full 


100 


> 


‘ 3 o 
° 

ad = 2 
ro) 
> 


nm 
ro) 


=) ae > =) =) =) =) =) =) 


On Channel Leakage Current, Ip(on) (Notes 2, 4) 0.1 1 A 
HI-506A Full 300 300 A 
HI-507A Full 200 200 nA 
HI-508A Full 200 200 n 
HI-509A Full 100 100 nA 


Differential Off Output Leakage Current, IpjFF, Full 
(HI-507A, HI-509A Only) 


POWER REQUIREMENTS 

Current, I+, Pin 1 (Notes 2, 8) Full 
Current, 1+, HI-508A/HI-509A (Notes 2, 8) Full 
Current, |-, Pin 27 (Notes 2, 8) Full 
Full 


34) 

is 
= 
> 


1.5 
Lo 
0.02 


1.5 
1.5 
0.02 


2.0 9% mA 
2.0 mA 
1.0 mA 
mw 


1.0 


N 

on 
mM] 
: a?) 


he 
on 


Power Dissipation, Pp 
NOTES: 


2. 100% tested for Dash 8. Leakage currents not tested at -55°C. 
. Vout = 10V, lout = +100pA. 


3 
4. 10nA is the practical lower limit for high speed measurement in the production test environment. 

5. Analog Overvoltage = +33V. 

6. Digital input leakage is primarily due to the clamp diodes (see Schematic). Typical leakage is less than 1nA at 25°C. 
Vs VEN = 0.8V, Rye = 1K, CL = 15pF, Vs = 7VRMS; f = 100kHz. 

8. Ven, Va = OV or 4V. 

9. To drive from DTL/TTL Circuits, 1kQ pull-up resistors to +5V supply are recommended. 

10. Vraer = +10V. 
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HI-506A, HI-507A, HI-508A, HI-509A 


Typical Performance Curves and Test Circuits 1, = 25°C, Vsyppiy = £15V, Van = +4V, Vay = 0.8V, Vrer = Open, 
Unless Otherwise Specified 


-100LA 


FIGURE 1A. TEST CIRCUIT 


ee ee ee eel 
ri) eee SOO Se ne Warren Syees Rae! a 


S 4: 125°C TO -55°C 
w i Vin = +5V 
q 1.2 = ai 1. 
< 
2 tt} |] | | {| | te CE: 
3 on —- eat 
zo... 1 [% e2 
” w O 
3 oof | | |_| ta=-s8°c ae 
oc Zc ; 
5 0.8 x4. 
Ou 
= Ww 
0.7 & 0. 
0.6 0.8 
10 -8 6 -4 -2 O +42 +4 +46 +8 +410 +5 +6 +7 #+8 +9 +10 +11 +12 +13 +14 +15 
ANALOG INPUT (V) SUPPLY VOLTAGE (V) 
FIGURE 1B. ON RESISTANCE vs ANALOG INPUT VOLTAGE FIGURE 1C. NORMALIZED ON RESISTANCE vs SUPPLY 
VOLTAGE 


FIGURE 1. ON RESISTANCE 


100nA. —_——————— 
ee 
PSE 
ae 
| 
P| 
os 
a 
ae) 
= iaiercteessiaae 
Zz 
Ww 
cc 
cc 
3 
MT 1inA 
} 
< 
2 
< 
WwW 
al 
OFF INPUT = +10V = +10V 
100pA |. : LEAKAGE CURRENT | | 


TEMPERATURE (°C) 


” 

ti 
FIGURE 2A. LEAKAGE CURRENT vs TEMPERATURE FIGURE 2B. Ip(orr) (NOTE 1) 
| 
= 
= 
_ 
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HI-506A, HI-507A, HI-508A, HI-509A 


Typical Performance Curves and Test Circuits Tp = 25°C, Vsyppry = +15V, VaH = +4V, Vat = 0.8V, Vrer = Open, 
Unless Otherwise Specified (Continued) 


ID(ON) 
i +10V 
+2.4V 
FIGURE 2D. Ip(on) TEST CIRCUIT (NOTE 1) 
NOTE: 
1. Two measurements per channel: +10V and +10V. (Two measurements per device for ID(OFF) £10V and +10V.) 
FIGURE 2. LEAKAGE CURRENTS 

< 

& 

— 
= ANALOG INPUT z 
¢ CURRENT (ly) a 
— ies 
: 3 

uJ 
vO} 
= Y 
© < 
= u ID(OFF) 
S E 
=. Z 
< fet OUTPUT OFF LEAKAGE f= 
¢ CURRENT ID(oFF) a 


+15 +18 +21 +24 +27 +30 +33 « +36 
ANALOG INPUT OVERVOLTAGE (V) 


FIGURE 3A. ANALOG INPUT OVERVOLTAGE CHARACTERISTICS FIGURE 3B. TEST CIRCUIT 
FIGURE 3. OVERVOLTAGE CHARACTERISTICS 


SWITCH CURRENT (mA) 


0 +2 +4 +6 +8 +10 +12 «+14 
VOLTAGE ACROSS SWITCH (V) 
FIGURE 4A. ON CHANNEL CURRENT vs VOLTAGE FIGURE 4B. TEST CIRCUIT 


FIGURE 4. ON CHANNEL CURRENT 


11-78 


HI-506A, HI-507A, HI-508A, HI-509A 


Typical Performance Curves and Test Circuits Tp = 25°C, Vsuppiy = £15V, Van = +4V, Vat = 0.8V, Vrer = Open, 
Unless Otherwise Specified (Continued) 


9 +15V/+10V 


+ISUPPLY 


z +V 
E © +10V/+5V 
= HI-506A T 
tu IN 2 
i THRU 
2 Wa (71) 50Q 
7 
a 
a 
=, 
” 
“ISUPPLY 
TOGGLE FREQUENCY (Hz) _ 9 -15V/-10V 
T Similar connection for HI-507A/HI-508A/HI-509A 
FIGURE 5A. SUPPLY CURRENT vs TOGGLE FREQUENCY FIGURE 5B. TEST CIRCUIT 
FIGURE 5. SUPPLY CURRENTS 
9 +15V 
900 
VreF = OPEN FOR LOGIC HIGH LEVEL < 6V Vrer +V 
800 Vrer = LOGIC HIGH FOR LOGIC HIGH LEVELS > 6V IN 1 > +10V 
as IN 2 THRU 
i 700 IN 7/IN 15 
Vv 50Q = 
eAE EL TT TT TET | Oo“ soa 
F 600 ¥ 10V 
” \ IN 16 : PROBE 
5) P=enmneeae sg 
500 +4V EN OUT a 
oh Se on : 
400 LS : : 
PY | || | Ce a Se ae GE Re (cee 5 : 
im CETTE aa | 
3.94 5 6 7 8 9 10 11 12 13 14 15 + Similar connection for HI-SO7A/HI-5S80A/HI-509A *7 "Seana 


LOGIC LEVEL (HIGH) (V) 
FIGURE 6A. ACCESS TIME vs LOGIC LEVEL (HIGH) FIGURE 6B. TEST CIRCUIT 
FIGURE 6. ACCESS TIME 


Te 
ec a 


Switching Waveforms 


Van = 4.0V 


ADDRESS 
DRIVE (Va) 


+10V 
OUTPUT 


-10V 


| 

| 

| 

| 

| 

| 

| 

| 
—~ ta i 
200ns/DIV. 


FIGURE 7A. FIGURE 7B. 
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HI-506A, HI-507A, HI-508A, HI-509A 


HI-506A 7 


+5V 
IN 1 0 
IN 2 THRU 
IN 7/IN 15 


IN 8/IN 16 
Vout 


+4.0V OUT 
50pF 
+ Similar connection for HI-507A/HI-508A/HI-509A 
FIGURE 8A. 
VaH = 4.0V 
ADDRESS 
ov DRIVE (Va) 
OUTPUT 
50% FF 50% 


FIGURE 8B. 


OUTPUT 
0.5V/DIV. 


100ns/DIV. 


FIGURE 8C. 
FIGURE 8. BREAK-BEFORE-MAKE DELAY 
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HI-506A 7 


IN 1 0 +10V 


IN 2 THRU 
IN 7/IN 15 


IN 8 JIN 16 


+ Similar connection for HI-507A//HI-SO8A/HI-509A 


FIGURE 9A. 
Van = 4.0V 
So ee Ce 
| ! 
; OV 
! | 
I 1 
| | 1 90% 
| 1 
1 y 1 1 
=! tome jt | 
; 1 —@, toFF(EN) << 
FIGURE 9B. 


IN 1 THRU 
IN 16 OFF 


100ns/DIV. 


FIGURE 9C. 
FIGURE 9. ENABLE DELAY ton(eENn); toFF(EN) 


HI-506A, HI-507A, HI-508A, HI-509A 


Truth Tables 
HI-506A HI-508A 


Pa Ta Tee [en [ore 
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“ON” CHANNEL 
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HI-506A, HI-507A, HI-508A, HI-509A 


Die Characteristics 


DIE DIMENSIONS: 
159 mils x 83.9 mils x 19 mils 


METALLIZATION: 


Type: CuAl 
Thickness: 16kA +2kA 


SUBSTRATE POTENTIAL (NOTE): 
-VSUPPLY 


PASSIVATION: 


Silox: 12kA +2kA 
Nitride: 3.5kA +1kA 


WORST CASE CURRENT DENSITY: 
1.4.x 10° A/cm? 


TRANSISTOR COUNT: 
485 


PROCESS: 
CMOS-DI 


NOTE: The substrate appears resistive to the -Vsypp_y terminal, therefore it may be left floating (Insulating Die Mount) or it may be mounted 


on a conductor at -Vsypp ty potential. 


Metallization Mask Layouts 
HI-506A 


EN Ao A; Ag A3 VREF GND 
i ue (16) (15) (14) (13) -F 


«See i ag ig 
IN 2 iui ‘ | It 
IN3 


(20) Ly 
21 = quits i i aie ana 7 a 
( yC] hog! ll eral (9) 


= == ae ik oars Pi 
oh ie sl airy 


IN 6 WAIL a see IN 14 
“eg Hh terete a (6) 
it ai aaa 
== _ if aN 
IN7 nee 
(25) a Ne WAH 
IN 8 HAD — aK 
(28) ae: NG (A) 
| — = i_= 
] 
iSS0T GaN : 
V- (27) OUT (28) +V (1) NC (2) 


HI-507A 
EN Ao A; A2 NC Vrer GND 
(18) (17) (16) (15) (14) (13) (12) 


Lema A me! uke = hh Sips 
FTL re yu a 


—— — yy, £ ie 


athe ; = 
IN TA Wirecafe 7) [ IN 1B 
aa “TGs, 1 | te a 
IN 2AT | UNWIN Ts 
0) Ca - Cie ly ys i 1G he “ 


‘aele 
op 
- = ae J 


IN 3A 

(21) 7) 
IN 4A 
(22) — 


in ca lias ATTA ts INSB 


hh 
=p (a IN 4B 
rs rl | ras -_|; a= (8) 

(23) 


as, i i = anaes 
eg UL rere lil tee a iL 2° 


IN SAC 


IN7A IN 7B 
(25) (5) 
IN 8A IN 8B 
(26) LI (4) 

SS 
—= prom = = a see = 
reeves “8 Bt 
V- (27) OUT A (28) +V (1) OUT B(2) 
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HI-506A, HI-507A, HI-508A, HI-509A 


Die Characteristics 


DIE DIMENSIONS: WORST CASE CURRENT DENSITY: 
108 mils x 83 mils 1.4 x 10° A/cm? 
METALLIZATION: TRANSISTOR COUNT: 
Type: CuAl 253 
Thickness: 16kA +9kA 
PROCESS: 
SUBSTRATE POTENTIAL (NOTE): CMOS-DI 
-VSUPPLY 
PASSIVATION: 


Silox: 12kA +2kA 
Nitride: 3.5kA +1kA 


NOTE: The substrate appears resistive to the -Vsypp_y terminal, therefore it may be left floating (Insulating Die Mount) or it may be mounted 
on a conductor at -Vsypp_y potential. 


Metallization Mask Layouts 
HI-508A HI-509A 


IN6 IN7 IN8 OUT IN4 IN3 IN 3B IN 4B OUT B OUT A _ IN 4AIN 3A 
(11) (10) (9) (8) = =(7)_—((6) (11) (10) (9) (8) (7) (6) 


ent | i] |_| snems 


7 Sy 
by 


<= Als 
‘om Ie d| =| 
a \ 


iu IN 2B ini IN 2A 
ee (12) |_5 . | Hi J (5) 
NO T Vi IN1B | IN1A 
=a (13) 2 RS 
die +V =I V 
Hh —- = = (1 4) (3) 
cit oN | :: 
ay Ss = 2.5 
a = St toe wy ao— J = | 
———— => == | 
| 1 = 1 a 
lj a st: [ = 
A2 Ai Ag EN GND Ai Ao EN 
(15) (16) (1) (2) (15) (16) (1) (2) 


MULTIPLEXERS 
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Ww HARRIS Hi-516 


16-Channel/Differential 8-Channel, 


August 1997 CMOS High Speed Analog Multiplexer 
Features Description 
e Access Time (Typical) ............ 130ns The HI-516 is a monolithic, dielectrically isolated, high-speed, high- 
¢ Settling Time .............. 250ns (0.1%) performance CMOS analog multiplexer. It offers unique built-in channel 


selection decoding plus an inhibit input for disabling all channels. The dual 


* Low Leakage (Typical) function of address input Az enables the HI-516 to be user programmed 


~ ISQOFF) «+e erect eee e eee eens 10pA  citherasa single ended 16-Channel multiplexer by connecting ‘out A’ to ‘out 
2) (0) 2) ee 30pA_B’ and using Ag as a digital address input, or as an 8-Channel differential 
e Low Capacitance (Max) multiplexer by connecting Ag to the V-supply. The substrate leakages and 
- CS(OFF) cee ee eee eee eee eee tees es 10pF parasitic capacitances are reduced substantially by using the Harris Dielec- 


tric Isolation process to achieve optimum performance in both high and low 


: CD(OFF) lic Nat tl ae Rak hal alain ee level signal applications. The low output leakage current (IpoFF < 100pA at 
° Off Isolation at 500kHz ........ S5dB (Min) 25°C) and fast settling (tseTTLE = 800ns to 0.01%) characteristics of the 
e Low Charge Injection Error ........ 20mV_ device make it an ideal choice for high speed data acquisition systems, 


° Single Ended to Differential Selectable (SDS) precision instrumentation, and industrial process control. 
» Logic Level Selectable (LLS) For MIL-STD-883 compliant parts, request the HI-516/883 data sheet. 


Ordering Information 


TEMP. RANGE 
PART NUMBER (°C) 


HI4P0516-5 0 to 75 28 Ld PLCC N28.45 
HI3-0516-5 0 to 75 28 Ld PDIP E286 | 
HI1-0516-5 28 Ld CERDIP F28.6 
HI1-0516-2 -55to125  |28Ld CERDIP F28.6 
HI1-0516-8 -55to125  |28LdCERDIP F28.6 
HI4-0516-8 -55to125 |28LdCLCC J28.A 
HI1-0516/883 -55to125 |28LdCERDIP F28.6 
HI4-0516/883 -55to125 |28LdCLCC J28.A 


Applications 


¢ Data Acquisition Systems 
e Precision Instrumentation 
e Industrial Control 


Pinouts 
HI-516 (CERDIP, PDIP) HI-516 (CLCC, PLCC) 
TOP VIEW TOP VIEW 
i) 
“te PoE. a! 
OUT B [2 | z26:3:63 2 
NC | 3) 1,12 2 2 
IN 16/8B | 4) IN 15/7B IN 7/7A 
IN 15/7B | 5| IN 14/6B IN 6/6A 
IN 14/6B | 6| 
IN 13/5B IN 13/5B IN 5/5A 
IN 12/4B | 8| IN 12/4B IN 4/44 
IN 11/3B | 9) IN 11/3B IN 3/3A 
IN 10/2B |10 = 
IN 10/2B IN 2/2A 
IN 9/1B |11] - 
GND /12 IN 9/1B IN 1/1A 
——e 
Vpp/LLS [13] 81 
Ag/SDS [14) S58 = = « & 
o 5 @ a 
a 2 2 
> Ww 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 31 46.1 
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HI-516 


Functional Block Diagram 
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HI-516 


Absolute Maximum Ratings (Note 1) Thermal Information 
Voltage Between Supply Pins.................. 0.0000 33V Thermal Resistance (Typical, Note 1) Oya (CCIW) yc (°C/W) 
Analog Input Voltage PUP FPeCKMOS «sock sneereceeeeerays 60 N/A 
SV Fe 4cGe ARP eHORE Ha CRE ERGO H SS HEE Ge +VsuppLy +2V PLOG PaGKAG@ «icccccensnervavazas 70 N/A 
MAE cine hee ee sre ns KTM ede Maen deenes ees -VsuPPLy -2V GEADIP PACKG0G «2 ced cases tenet es 55 18 
Digital Input Voltage CLOG PAGKAUG 2.4 eadsvasceveuennes 70 20 
TTL Levels Selected (Vpp/LLS Pin = GND or Open) Maximum Junction Temperature 
Pisce caenahieersh xe ser ievererenersuureeacters +6V CERDIP CLOC Packages... sic0cksosnsienssunisens 175°C 
=| eee rere ee ee Tee eee eT ee Te Tee Tre TT eee ee eee -6V PDIP. SOG, PLO PACKAOGS oes ccecetnrseeereuneens 150°C 
ON nr ne ee er ee eee ree +Vsupp_ty t2V Maximum Storage Temperature Range .......... -65°C to 150°C 
fe ee eee ee ee ee ee eee -VsyppLy -2V. Maximum Lead Temperature (Soldering 10s)............. 300°C 
CMOS Levels Selected (Vpp/LLS Pin = Vpp) (PLCC - Lead Tips Only) 
is se Craven newer se thie eke Siw atenes ez +VsuppLy +2V 
as MELEE RRC T ETC CITC CTC RCE rie Cee ree ee ree Tee -2 


Operating Conditions 


Temperature Ranges 

PGT R2 56 ccuscasscinesresuseereewsaesss -55°C to 125°C 

PS co caersveterancaesdeeutcaewnneonse 0°C to 75°C 
CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Supplies = +15V, -15V; Vay (Logic Level High) = +2.4V, Va, (Logic Level Low) = +0.8V; 
Vpp/LLS = GND. (Note 1) Unless Otherwise Specified 


TEST TEMP 
PARAMETER CONDITIONS (°c) 


ANALOG CHANNEL CHARACTERISTICS 


; © fo) 
C Mh 
= Oo 
ou 
|. 
aa 
>| > 


i=) 
oO 
rs 
> 


Off Output Leakage Current, 25 
ID(OFF) od Full 
On Channel Leakage Current, 

fom | 


Input Low Threshold, Va; (TTL) 
Input High Threshold, Vay (TTL) 
Input Low Threshold, Va; (CMOS) Full 


ee ae 

ee ce 

re a ee 
Input High Threshold, Vay ae iat 
(CMOS) 

re oe 

ee ce 


je) 
oO 
Ww 
= it B=! 3 = 


Input Leakage Current, lay (High) 


Current, la, (Low) 
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NO 
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Enable Delay (OFF), torF(EN) 


Settling Time 
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Fu = 
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HI-516 


Electrical Specifications Supplies = +15V, -15V; Vay (Logic Level High) = +2.4V, Va, (Logic Level Low) = +0.8V; 
Vpp/LLS = GND. (Note 1) Unless Otherwise Specified (Continued) 


ae es Gs es 
SE nd nce see cs 
Charge Meco Ero Ce A _-_] 


Off Isolation 


Channel Input Capacitance, 
Cs(OFF) 


Channel Output Capacitance, 25 
Cp(OFF 


Digital Input Capacitance, Ca 


Input to Output Capacitance, 
Cps(OFF) 


NOTES: 
1. Vpp/LLS pin = open or grounded for TTL compatibility. Vpp/LLS pin = Vpp for CMOS compatibility. 
2. At temperatures above 90°C, care must be taken to assure Vij remains at least 1V below the Vsuppty for proper operation. 
3. Vin = +10V, lout = -100pA. 
4. Vin = OV, Cy = 100pF, enable input pulse = 3V, f = 500kHz. 
5. Ven = 0.8V, Vs = 3Vams, f = 500kHz, C_ = 40pF, Ry = 1K, Pin 3 grounded. 
6. Ven = +2.4V. 


TRUTH TABLE HI-516 Used as a 16-Channel Multiplexer or TRUTH TABLE HI-516 Used as a Differential 8-Channel 
8-Channel Differential Multiplexer (Note 1) Multiplexer 


rename |e [A [| ora [ours] [evar | | m | | ora | ore 


SESEREX 2 ee | ee 


x< 


an 


: 
a 


NOTE: 
1. For 16-channel single-ended function, tie ‘out A’ to ‘out B’; for 
dual 8-channel function use the Ag address pin to select be- 
tween MUX A and MUX B, where MUX A is selected with Ag low. 
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HI-516 


Test Circuits and Waveforms 


+— lout 100A 


FIGURE 1. ON RESISTANCE vs INPUT SIGNAL LEVEL FIGURE 2. Ip(orry (NOTE 1) 


OUT 


o 0.8V 


FIGURE 3. Is(orr) (NOTE 1) FIGURE 4. Ip(ony (NOTE 1) 


+15V 


V+ 


3.5V ADDRESS 


> +10V 
DRIVE (Va) 


IN 1 


IN 2-15 


! 

| 

| 
+10V | " 
OUTPUT . 
a 
1 | 
= -10V . 
—») ta | | 
: ' — bBauasweaanes @ 

FIGURE 5A. FIGURE 5B. 


FIGURE 5. ACCESS TIME 
NOTE: 


1. Two measurements per channel: +10V and +10V. (Two measurements per device for ID(OFF) 10V and +10V.) 
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HI-516 


Test Circuits and Waveforms (continued) 


ADDRESS 
ov DRIVE (Va) 


OUTPUT A 


50% 50% 


| 
> = topeN 


FIGURE 6A. ENABLE DRIVE FIGURE 6B. 
FIGURE 6. BREAK-BEFORE-MAKE DELAY (top_en) 


+15V 
3.5V “ 
SS ee ee 
1 ! 
) OV 
! ! 
' 90% — OUTPUT A 
1 ! 
| 
I ' ' 90% 
1 I 1 1 
=! towen fe! 
' 1 — =, toFF(EN) i~< 12.5pF 
FIGURE 7A. ENABLE DRIVE FIGURE 7B. 
FIGURE 7. ENABLE DELAY ton(EN)> toFF(EN) 
+15V 
+2.4V ] 
3.0V 
" Ao, Ai, Aa, 
EN 
AVo 
Vo — 2 Vo 
TT CL = 100pF 
= — -15V 
FIGURE 8A. FIGURE 8B. 


AVo is the measured voltage error due to charge injection. The error 
voltage in coulombs is Q = C, x AVo. 
FIGURE 8. CHARGE INJECTION TEST CIRCUIT 


”) 
[em 
uJ 
>< 
fr 
J 
Oo. 
a 
=) 
= 


11-89 


Die Characteristics 


DIE DIMENSIONS: 
2250um x 3720um x 485m +25um 


METALLIZATION: 


Type: CuAl 
Thickness: 16kA +2kA 


Metallization Mask Layout 


ah 


ENABLE 


pe fly 


IN 1/1A (19) 


IN 2/2A (20) 


IN 3/3A (21) 


IN 4/4A (22) 


IN 5/5A (23) 


IN 6/6A (24) 


IN 7/7A (25) 


IN 8/8A (26) 
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HI-516 


PASSIVATION: 
Type: Nitride Over Silox 


Nitride Thickness: 3.5 


+1 


Silox Thickness: 12kA +2kA 


WORST CASE CURRENT DENSITY: 


1 


HI-516 


Ao Ai 
(17) (16) ( 


a. 


-90 


164 x 10° A/cm? 


A2 A3/SDS Vpp/LLS GND 
15) (14) (13) (12) 


la i aie 


ala 


(10) IN 9/1B 


(9) IN 10/2B 


(8) IN 11/3B 


(7) IN 12/4B 


(6) IN 13/5B 


(5) IN 14/6B 


(4) IN 15/7B 


(3) IN 16/8B 


SEMICONDUCTOR 


Gg FARRIS 


August 1997 


Features 
Access Time (Typical) 
Settling Time 
Low Leakage (Typical) 
- IS(OFF) 
- ID(OFF) 
Low Capacitance (Max) 
- Cs(OFF) 
- Cp(OoFF) 
Off Isolation at 500kHz 
Low Charge Injection Error 


Single Ended to Differential Selectable (SDS) 


Logic Level Selectable (LLS) 


Applications 
¢ Data Acquisition Systems 
¢ Precision Instrumentation 


e Industrial Control 


Pinouts 
HI-518 (CERDIP, PDIP) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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HI-518 


8-Channel/Differential 4-Channel, 
CMOS High Speed Analog Multiplexer 


Description 


The HI-518 is a monolithic, dielectrically isolated, high speed, high 
performance CMOS analog multiplexer. It offers unique built-in channel 
selection decoding plus an inhibit input for disabling all channels. The 
dual function of address input Ap enables the HI-518 to be user pro- 
grammed either as a single ended 8-Channel multiplexer by connecting 
‘Out A’ to ‘Out B’ and using Ao as a digital address input, or as a 4-Chan- 
nel differential multiplexer by connecting Az to the V- supply. The sub- 
strate leakages and parasitic capacitances are reduced substantially by 
using the Harris Dielectric Isolation process to achieve optimum perfor- 
mance in both high and low level signal applications. The low output 
leakage current (IpofFF < 100pA at 25°C) and fast settling 
(tsETTLE = 800ns to 0.01%) characteristics of the device make it an 
ideal choice for high speed data acquisition systems, precision instru- 
mentation, and industrial process control. 


Ordering Information 


TEMP. RANGE 
PART NUMBER (°C) 


HI3-0518-5 0 to 75 18 Ld PDIP E18.3 
HI1-0518-5 18 Ld CERDIP F18.3 


HI1-0518-2 -55 to 125 18 Ld CERDIP F18.3 
HI1-0518-8 -55 to 125 18 Ld CERDIP F183 


HI4P0518-5 0 to 75 20 Ld PLCC N20.35 
HI4-0518-8 -55 to 125 20 Ld CLCC J20.A 


HI-518 (CLCC, PLCC) 
TOP VIEW 
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Functional Block Diagram 
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HI-518 


Absolute Maximum Ratings (Note 1) Thermal Information 
GS Pence on cnaedaunen PoE nes a evense intense ee ha aeus 33V Thermal Resistance (Typical, Note 1) 8a (PC/W) 8jc (CCW) 
Analog Input Voltage PUIP PRCKAQE 2. 06xeedn ds Ga ast aed 90 N/A 
rp) CELE EER COULTE CURL EERE TCL OLE T eles (V+) +2V PIC PESOS: cicasavenvuseians 80 N/A 
WE bined coe kamen eveere Veteeteweecd sae nee (V-) -2V CERDIP Package ................ 70 18 
Digital Input Voltage it PEGKEUG sc2c seen twraww een an 65 14 
TTL Levels Selected (Vpp/LLS Pin = GND or Open) Maximum Junction Temperature 
Oe grunts eke rhets seed saneey seed Ponesea pe enseg ts +6V CERADIP, CLOO PackageS....scisccssccessvanstcuns 175°C 
MON gate aege pwsewdy eo wimaine Ot rede Sebehe tees eenanes -6V PDIP, PLCC, SOIC Packages. ......cee0ses ens ueenes 150°C 
SA gS ec opie tendo dois oe PRK ERR SRE EORE KOE (V+) +2V Maximum Storage Temperature Range .......... -65°C to 150°C 
GIGS sade tree ends sheeted née nei ehee chee ewe. (V-)-2V. Maximum Lead Temperature (Soldering 10s)............. 300°C 
CMOS Levels Selected (Vpp/LLS Pin = Vpp) (PLCC - Lead Tips Only) 
|) (ee eee eee ee ee eee ere eee ee Te eT ee Te ee (V+) +2V 
| LEEPER ERECT LOCC ELC EE Re eee eee ere ee -2V 


Operating Conditions 


Temperature Ranges 
HI-516-28 og ceiccveersundneeowsbndnveaas -55°C to 125°C 
HEBIRGS o.n4cauveecnseneind jabewnsedaweuve ad 0°C to 75°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8) is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Supplies = +15V, -15V; Vay (Logic Level High) = +2.4V, Va; (Logic Level Low) = +0.8V; Vpp/LLS = GND 
(Note 1), Unless Otherwise Specified 


PARAMETER CONDITIONS | (°C) | MIN | TYP | MAX | MIN | TYP | MAX | UNITS 


SWITCHING CHARACTERISTICS 


[SWITCHING CHARACTERISTICS 

I CL OO = 

Break BeiveMakodeaytoren| | = | © | © | - | |» | - | ~_ 

Enable Delay (ON), ton(EN) | [120 | 175 
i7S 


Enable Delay (OFF), toFF(EN) 


140 140 

Settling Time 
0.1% 250 
800 800 


on 


Charge Injection Error 


£ 
on 


Off Isolation 

Channel Input Capacitance, 
Cs(OFF) 

Channel Output Capacitance, 
CD(OFF) 

Digital Input Capacitance, Ca 
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Input to Output Capacitance, 
Cps(OFF) 

DIGITAL INPUT CHARACTERISTICS 
Input Low Threshold, Va; (TTL) 
Input High Threshold, Vay (TTL) 
Input Low Threshold, Va; (CMOS) 


Input High Threshold, Vay 
(CMOS) 


25 
25 
eo 
25 
25 
25 45 
25 
25 
25 
25 


oN 


now 


aa 
rf 


0.3Vpp 
0.7Vpp 


EEE 


11-93 


” 
oc 
uu 
>< 
fr 
wal 
a. 
x 
= 
= 


HI-518 


Electrical Specifications Supplies = +15V, -15V; Vay (Logic Level High) = +2.4V, Va, (Logic Level Low) = +0.8V; Vpp/LLS = GND 
(Note 1), Unless Otherwise Specified (Continued) 


PARAMETER CONDITIONS 


coy [wn [we [wax | ww [TP | wax | uns 
Inputtwakage Curent inna] tra |_| | + || - | | 
Inputtsakage Curent a tom | | ew | | |» ||| | 
CO 


ANALOG CHANNEL CHARACTERISTICS 


On Resistance, ron we 


Off Input Leakage Current, ls(oFF) | 25 | 


Off Output Leakage Current, | | 
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On Channel Leakage Current, | 26 


POWER SUPPLY CHARACTERISTICS 


NOTES: 
1. Vpp/LLS pin = open or grounded for TTL compatibility. Vpp/LLS pin = Vpp for CMOS compatibility. 
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2. At temperatures above 90°C, care must be taken to assure Vij remains at least 1.0V below the Vsupp_y for proper operation. 
3. Vin =+10V, lout = -100pA. 
4. Vin = OV, C, = 100pF, enable input pulse = 3V, f = 500kHz. 
5. Cy = 40pF, R, = 1K. Due to the pin to pin capacitance between IN 8/4B and OUT B, channel 8/4B exhibits 60dB of OFF isolation under 
the above test conditions. 
6. Ven = +2.4V. 
TRUTH TABLE HI-518 Used as an 8-Channel Multiplexer or TRUTH TABLE HI-518 Used as a Differential 4-Channel 
4-Channel Differential Multiplexer Multiplexer 


USE Az AS DIGITAL ADDRESS INPUT | ON CHANNEL TO 
ENABLE OUTA OUT B 


Az CONNECT TO V- SUPPLY 
ENABLE 


ON CHANNEL TO 
OUTA OUT B 
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Test Circuits and Waveforms 


4— lout 100UA 


FIGURE 1. ON RESISTANCE vs INPUT SIGNAL LEVEL FIGURE 2. Ip(orry (NOTE 1) 


OUT 


+0.8V 


FIGURE 3. Ig(orr) (NOTE 1) 


3.5V ADDRESS 
DRIVE (Va) 


OV 


+10V OUTPUT 


-10V 


I 
| 
| 
| 
ae ta |g 
! 


FIGURE 5A. FIGURE 5B. 
FIGURE 5. ACCESS TIME 
NOTE: 
1. Two measurements per channel: +10V and +10V. (Two measurements per device for Ip(oFF) +10V and +10V.) 
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Test Circuits and Waveforms (continued) 


3.5V 


ADDRESS 
DRIVE (Va) 
ov 


OUTPUT A 


50% 50% 


FIGURE 6A. FIGURE 6B. 
FIGURE 6. BREAK-BEFORE-MAKE DELAY (topen) 


| 

< ! 
> toFF(EN) << anaa 

FIGURE 7A. FIGURE 7B. 

FIGURE 7. ENABLE DELAY tonen); torF(EN) 

+15V 
+2.4V l 
3V 


° Vo 
C, = 100pF 


5 AVo 


a a aa 
‘ 


ae 


GND Vpp/LLS_ v- 


-15V 


FIGURE 8A. FIGURE 8B. 


AVo is the measured voltage error due to charge injection. The error 
voltage in coulombs is Q = C, x AVo. 


FIGURE 8. CHARGE INJECTION TEST CIRCUIT 
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Die Characteristics 


DIE DIMENSIONS: WORST CASE CURRENT DENSITY: 
89 mils x 93 mils 1.43 x 10° A/cm? 
METALLIZATION: TRANSISTOR COUNT: 
Type: AlCu 356 
Thickness: 16kA +2kA 
PROCESS: 
SUBSTRATE POTENTIAL (NOTE): Bee 
-VSUPPLY 
PASSIVATION: 


Type: Nitride Over Silox 
Nitride Thickness: 3.5kA +1.0kA 
Silox Thickness: 12kA +2.0kA 


NOTE: The substrate appears resistive to the -Vsupp_y terminal, therefore it may be left floating (Insulating Die Mount) or it may be mounted 
on a conductor at -Vsypp_y potential. 


Metallization Mask Layout 


IN 1/1A ag IN 5/1B 
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S 
© 
s 
: 
IN 3/3A IN 7/3B 
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August 1997 4-Channel Wideband and Video Multiplexer 
Features Description 
* Crossialk (1OMAZ) oi ccvcandccentacnswnwme <-60dB = The HI-524 is a 4-Channel CMOS analog multiplexer designed 
e Fast Access Time ...........0c2ccceeceeees 150ns__ to process single-ended signals with bandwidths up to 10MHz. 
* Fast Settling TIMG .. ccc. .aciesseernuvenmens 200ns___—‘The chip includes a 1 of 4 decoder for channel selection and an 
e TTL Compatible enable input to inhibit all channels (chip select). 
Applications Three CMOS transmission gates are used in each channel, as 


compared to the single gate in more conventional CMOS multi- 


= ICenene eaies uy plexers. This provides a double barrier to the unwanted coupling 


° Lee of signals from each input to the output. In addition, Dielectric 
. sesatad Isolation (DI) processing helps to insure the Crosstalk is less 
° ECM than -60dB at 10MHz. 

Ordering Information The HI-524 is designed to operate into a wideband buffer ampli- 


fier such as the Harris HA-2541. The multiplexer chip includes 
two “ON” switches in series, for use as a feedback element with 
the amplifier. This feedback resistance matches and tracks the 
channel ron resistance, to minimize the amplifier Vos and its 
variation with temperature. 


PART TEMP. RANGE 
NUMBER (°C) PACKAGE 


18 Ld CERDIP 


The HI-524 is well suited to the rapid switching of video and 
other wideband signals in telemetry, instrumentation, radar and 
video systems. 


For MIL-STD-883 compliant parts, request the HI-524/883 data 
sheet. 


Pinouts (CERDIP, PDIP) Functional Diagram 
TOP VIEW 
+V] 1. 18] FB (IN) 
OUT | 2) -V 
SIG GND [3] 6] FB (OUT) il FB (IN) 
SIG GND | 4) 15] SIG GND 
Ina [5] 74] IN2 SIG GND 
SiG GND [6 73] SIG GND IN2 
IN3 IN1 
SUPPLY GND | 8 | 11] EN SIG GND FB (OUT) 
A; [9] 10} Ao IN3 OUTPUT 
(CLCC, PLCC) 
TOP VIEW 
> SIG GND 
IN4 
SIG GND 5] FB (OU | 1 OF 4 
On SIG GND DECODER 
SIG GND SIG GND 
il -— SIG GND 
SIG GND SIG GND 
IN3 *) IN1 -15V SUP +15V EN A 
GND “a 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 11-98 
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Absolute Maximum Ratings Thermal Information 
Voltage Between Supplies ............0..00. 00 cece eee 33V Thermal Resistance (Typical, Note 1) Oya (CCIW) 8jc (PCCW) 
Digital Input Voltage GCEADIP PaCkags ..occascusnssuwe 70 18 
it CEE CCL ETOP CLT ETT CT TC eCUT TTT ET ee ee Tee eee +6V CLOC Package 2... ieee eee cnees 65 16 
Mk. Sieee oehdseedetandehagnas bountaweine sens eden ce -6V POG PACKAOG. «sivasecurdananave 90 N/A 
Analog Input Voltage PLUG Packag@ . ici ccceeccresvass 80 N/A 
PS sarkicovsneensekast baseyecuetensrs +VsuppLy +2.0V Maximum Junction Temperature.................00000. 175°C 
IMs Sitges ca whee en wm ee ed © ele ae aanes -VsuppLy -2.0V CERDIP, CLCC Packages)... cscsrsenedenveeuvewans 175°C 
Bier SUNG 16 SIOUNG 2 cdc ewes ec ndsnvesmeeniede sees 16.5V PLGG, POP PAGCKAGSS vicvavinccannavan ecu eanesada 150°C 
. a Maximum Storage Temperature 
Operating Conditions (CERDIP, CLCC)........ 000. c cece eeceeeees -65°C to 150°C 
Temperature Range Pes e255 eto he ee ides ce adeeeeen sets -65°C to 150°C 
HI-6G24-0. <8. oc ccccssadeievunwatuwwveweres -55°C to 125°C Maximum Lead Temperature (Soldering, 10s) ........ .... 800°C 
FAG oo tks bieekes6esenvce rivnnradneenies 0°C to 75°C (PLCC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. Oya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Supplies = +15V, -15V; Vay (Logic Level High) = +2.4V, Va; = (Logic Level Low) = +0.5V; Ven = +2.4V, 
Unless Otherwise Specified 


rest | temp | _HiS2a-2-8 | HiS245 
2 on cs a 


SWITCHING CHARACTERISTICS 


Ce 
i (C 


Break-Before-Make Delay, topen ae 5) 


es 
ill 
nw hf 
ae 
ae 
ae 
ae 
an a 


180 
180 


180 
180 


Enable Delay (ON), RL = 50022, ton (EN) 
Enable Delay (OFF), Ry = 5002, torr 
(EN) 
Settling Time 

(0.1%) 


Crosstalk (Note 6) 


Channel Input Capacitance, Cs(orF 


— 
© 


Channel Output Capacitance, Cp(oFF) 


Digital Input Capacitance, Ca 
DIGITAL INPUT SPECIFICATIONS 
Input Low Threshold (TTL), Vay 
Input High Threshold (TTL), Vay 
Input Leakage Current (High), lay 


cs ae 
oe ze 
ee ae 
ie a 


Current (Low), AL 
ANALOG CHANNEL SPECIFICATIONS 


Analog Signal Range, Vin 


On Resistance, ron (Note 2) | se 


el 

eee 

a 

pemerennen Per eth 
a 

cee: 

La 

az: 

eae 


Off Output Leakage Current, Ip (OFF) (Note 3) | 2 
On Channel Leakage Current, |p (on) (Note 3) sz 
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Electrical Specifications Supplies = +15V, -15V; Vay (Logic Level High) = +2.4V, Va, = (Logic Level Low) = +0.5V; Ven = +2.4V, 
Unless Otherwise Specified (Continued) 


rest | temp |__Heeeeoe | Heezes 
PARAMETER CONDITIONS | (°C) | MIN | TYP | MAX | MIN | TYP | MAX | UNITS 


[saw senawan ————S~it ed PPh] CP CT Ot TC 
[POWERSUPPLYCHARAGTERISTIOS SS OSSSCSCSCSCSCS~CSCSCS 


POWER SUPPLY CHARACTERISTICS 


[PowerDisspaton Po Sid SSSCSC~ir CT dT Cd] dT do 
[curentie ————SSSCSC~s HP fT Cd 
[eure SSCS Ne) Pe PP PP Td fl 


NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. 
Functional operation under any of these conditions is not necessarily implied. 


. Vin = OV; lout = 100nA (See Test Circuit 1). 

. Vo = +10V; Vin = +10V. (See Test Circuits 2, 3, 4.) 
. MUX output is buffered with HA-5033 amplifier. 

. 6V Step, +3V to +3V, See Test Circuit 5. 


. Vin = 10MHz, 3Vp-p on one channel, with any other channel selected. (Worst case is channel 3 selected with input on channel 4.) MUX 
output is buffered with HA-2541 as shown in Applications section. Terminate all channels with 75Q. 


7. Supply currents vary less than 0.5mA for switching rates from DC to 2MHz. 


noo fF W DY 


Typical Performance Curves and Test Circuits 1) = 25°C, Vsuppyy = +15V, Van = 2.4V, Vat = 0.8V, 
Unless Otherwise Specified 


lout 100nA 


TEST CIRCUIT 1. ON RESISTANCE 


ptt few eT) UNI 
TTT TT tt Py AN EEHE 


1,000 1,000 


900 


800 900 
° 
sf [pelt] = 

600 VL 800 

CPP ert) CEPT NEP 
: PT Tit tT} LEE TIT ET Paw 
400 TTT 700 PIN 

-10 10 9 10 11 12 13 14 16 
"Vo vn (V) 
FIGURE 1. ON RESISTANCE vs ANALOG INPUT VOLTAGE FIGURE 2. ON RESISTANCE vs SUPPLY VOLTAGE 


11-100 


HI-524 


Typical Performance Curves and Test Circuits Tp, = 25°C, Vsuppy = +15V, Van = 2.4V, Vay = 0.8V, 
Unless Otherwise Specified (Continued) 


LEAKAGE CURRENT (nA) 


+10V 


F 10V 


di I 
TEMPERATURE (°C) = = 


FIGURE 3. LEAKAGE CURRENT vs TEMPERATURE TEST CIRCUIT 2. LEAKAGE CURRENT (NOTE 1) 


ID(ON) 
7" T = 10V 7 +10V 
= = ~ +2.4V 
TEST CIRCUIT 3. LEAKAGE CURRENT (NOTE 1) TEST CIRCUIT 4. LEAKAGE CURRENT (NOTE 1) 
am « Vay AV 
ADDRESS DRIVE (Va) 
1.6V 
------------ Vac = 0.8V 
ie <——— ACCESS TIME, ta 
— ~<— SETTLING TIME, ts 
HA-2541 
OUTPUT 
: +0.01% OF FULL SCALE 
(OR +0.01%) 
TEST CIRCUIT 5. SETTLING TIME, ACCESS TIME, BREAK- FIGURE 4. POWER SUPPLY CURRENT vs TEMPERATURE 


BEFORE-MAKE DELAY (NOTE 2) 
NOTES: 
1. Two measurements per channel: +10V and +10V. (Two measurements per device for Ip(oFF) +10V and +10V.) 
2. This test requires channel inputs 1 and 4 at the same level. 
3. Capacitor value may be selected to optimize AC performance. 


MULTIPLEXERS 
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Typical Performance Curves and Test Circuits 1, = 25°C, Vsuppiy = +15V, Van = 2.4V, VaL = 0.8V, 


Unless Otherwise Specified (Continued) 


FIGURE 5. ACCESS TIME 


TABLE 1. TRUTH TABLE 


NOTE: Channel 1 is shown selected in the Functional Diagram. 


Typical Applications 


Often it is desirable to buffer the Hl-524 output, to avoid loading 
errors due to the channel “ON” resistance: 


HA-524 


CH1 a 


75Q 


HA-2541 


CH2 c BUFFERED 


~ OUTPUT 
75Q 


CH3 © 


75Q 


CH4 © 


7§6Q 


NOTE: Capacitor value may be selected to optimize AC performance. 


The buffer amplifier should offer sufficient bandwidth and slew 
rate to avoid degradation of the anticipated signals. For video 
switching, the HA-5033 and HA-2542 offer good performance 
plus +100mA output current for driving coaxial cables. For 


general wideband applications, the HA-2541 offers the conve- 
nience of unity gain stability plus 90ns settling (to +0.1%) and 
+10V output swing. Also, the HI-524 includes a feedback resis- 
tance for use with the HA-2541. This resistance matches and 
tracks the channel “ON” resistance, to minimize offset voltage 
due to the buffer's bias currents. 


Note that the on-chip feedback element between pins 16 and 18 
includes two switches in series, to simulate a channel resis- 
tance. These switches open for Vey = Low. This allows two or 
more HI-524s to operate into one HA-2541, with their feedback 
elements connected in parallel. Thus, only the selected multi- 
plexer provides feedback, and the amplifier remains stable. 


All Hl-524 DIP package pins labeled ‘SIG GND’ (pins 3, 4, 6, 13, 
15) should be externally connected to signal ground for best 
crosstalk performance. 


Bypass capacitors (0.1uF to 1u.F) are recommended from each 
HI-524 supply pin to power ground (pins 1 and 17 to pin 8 DIP 
package). Locate the buffer amplifier near the HI-524 so the two 
capacitors may bypass both devices. 


If an analog input 1V or greater is present when supplies are off, 
a low resistance is seen from that input to a supply line. (For 
example, the resistance is approximately 160Q for an input of 
-3V.) Current flow may be blocked by a diode in each supply line, 
or limited by a resistor in series with each channel. The best 
solution, of course, is to arrange that no digital or analog inputs 
are present when the power supplies are off. 
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Die Characteristics 


DIE DIMENSIONS: 
2250um x 3720um x 485m +25um 


METALLIZATION: 


Type: CuAl 
Thickness: 16kA +2kA 


Metallization Mask Layout 


IN1 


SIG 
GND 


IN2 


SIG 
GND 


FB (OUT) 
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EI ail 


HI-524 


PASSIVATION: 


Type: Nitride Over Silox 
Nitride Thickness: 3.5kA +1kA 
Silox Thickness: 12kA +2kA 


WORST CASE CURRENT DENSITY: 
1.58 x 10° A/cm? 


SUPPLY 
EN AO Al GND 


IN3 
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2 } 
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Ghee 


a 
——) 
he 
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SIG 
GND 


= = I | ni = 
s: ie! ) = 
Se ee 
i (hres egpecell 
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HI-539 


Monolithic, 4-Channel, 
August 1997 Low-Level, Differential Multiplexer 


Features 


¢ Differential Performance, Typical: 
Low Aron, 125°C 
Low Alp(ON): 125°C 
Low A(Charge Injection) 
Low Crosstalk 


Settling Time, +0.01% 


Wide Supply Range.................. +5V to +18V 


Break-Before-Make Switching 
No Latch-Up 


Applications 
e Low Level Data Acquisition 
¢ Precision Instrumentation 


¢ Test Systems 


Pinouts 


HI1-539 (CERDIP) 
HI3-539 (PDIP) 
TOP VIEW 


Description 


The Harris HI-539 is a monolithic, 4-Channel, differential 
multiplexer. Two digital inputs are provided for channel 
selection, plus an Enable input to disconnect all channels. 


Performance is guaranteed for each channel over the 
voltage range +10V, but is optimized for low level differential 
signals. Leakage current, for example, which varies slightly 
with input voltage, has its distribution centered at zero input 
volts. 


In most monolithic multiplexers, the net differential offset due 
to thermal effects becomes significant for low level signals. 
This problem is minimized in the HI-539 by symmetrical 
placement of critical circuitry with respect to the few heat 
producing devices. 


Supply voltages are +15V and power consumption is only 
2.5mW. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C)| PACKAGE 


HI4P0539-5 0 to 75 20 Ld PLCC N20.35 
HI1-0539-2 -55 to 125 |16Ld CERDIP F16.3 
0 to 75 16 Ld PDIP E16.3 


-25to85 |16Ld CERDIP F16.3 
0 to 75 16 Ld CERDIP F16.3 
H11-0539-8 -55 to125 |16Ld CERDIP F16.3 


HI4P539 (PLCC) 
TOP VIEW 


2 
6 ¢ & = & 
3] f2} [1] f2o} 19) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 31 49 1 


Copyright © Harris Corporation 1997 
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Absolute Maximum Ratings 


Voltage Between Supply Pins (+V,-V).................05. 40V 
Voltage From Either Supply toGND...................... 20V 
Analog input VONAGE, Vit}. .acsvccccevacseavances -VsVins+V 
Digital INDUE VONEGG << ious can siete sssdinuvsaews VsVas+V 
Current (Souree Or Din). success auesacesscasasaeasaes 20mA 


Operating Conditions 
Temperature Range 


HI-630-2 <8. occ oc cc cccuesctctusdeunucnues -55°C to 125°C 
PASSO: oc vnutebwon aca careoavedeecnvseenr -25°C to 85°C 
HI-5S90-S . cc ck ccuwinseeabseeusatiauucdusvee 0°C to 75°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) 8ya (CCW) 8jc (CCW) 


CERDIP Package ..<cacssascwsaas 85 32 

POIP PACKBQG «cc c.ss<cassse sa wes 100 N/A 

PLGG PRCHAUG «ac ve new oie vaciee x 80 N/A 
Maximum Junction Temperature 

CERDIP Package ............... cece cece cece e ees 175°C 

POIP PLOG Package «..4ccsccsvacevaneurnceveweans 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 
Maximum Storage Temperature Range .......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


(PLCC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. @ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Supplies = +15V. Vey = +4V. Vay (Logic Level High) = +4V, Va; (Logic Level Low) = +0.8V. See the 
“Performance Curves”. Selected parameters are defined in “Definitions”, 


Unless Otherwise Specified 


SWITCHING CHARACTERISTICS 


TEMP 
PARAMETER TEST CONDITIONS (°C) TYP 


Access Time, t [25 [250 [750-250 «| 0 dCs 
eee ee eee 
Break Bolore Male Gey, open (25s | oy | | om | ns 
psec ap epee 
Lae ce 
[—Fur_f | 100 - | 1,000_[ ns 
Enable Delay OF, tOFFIEM a Ec 
peseiememen ee Ee Eee 
[Setting Time, toao0i% +4 ——Si~d Poe | (dP oe | Cd 
[Charge injection (Outpu) | ——~*+dt rw | 3 | - | 3s | - | sc 
® Charge injection (Outpu) | | Furor | on | - J c 
[Charge injection (mput) | +t ru | | - {0 | - | c 
Ce EO 
Ce ES 
[Channel input Capactance, Ogorm| ———+4t rps | (dT 8 | (dC 
coon res ET 
CD(OFF 
Eien caean O  D 
CD(ON 
ce a 
Digital nput Gapactance, Cx | | ru | 3 | - | 3 | - | oF 
DIGITAL INPUT CHARACTERISTICS 
[nputlow Trreshold, Va [*+Y~ Fu J - [08 [- | 08 [v_ 
input High Threshold, Va | + ra’ | - | «oo | - | «eo | v_ 
[input Leakage Current High lan | *+(| rf - [1 | - | 7+ | «_ 
input Leakage Current Cow) lq, [| ru | - [+ | - | + | ma 
[Analog Signal Range, Vin‘. ——SYS PP | dT oo | 
Vin=s10v| 28 | 700 | 900 | 700 | 900 | a 
350 1.3K 


HI-539-2, -4, -8, 


TYP | MAX (MIN) | UNITS 
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HI-539 


Electrical Specifications Supplies = +15V. Ven = +4V. Vay (Logic Level High) = +4V, Va, (Logic Level Low) = +0.8V. See the 
“Performance Curves”. Selected parameters are defined in “Definitions”, 
Unless Otherwise Specified (Continued) 


TEMP HI-539-2,-4,-8, | HIS39-5 
PARAMETER TEST CONDITIONS (°C) | TYP | MAX(MIN) | TYP | MAX (MIN) | UNITS 


(Side ASide B), AON LS CI CR 
CE a A A 
Ce CC CI 
[Conaiion ov Woe) [28 [20 
Sr a 
[Gonaiton Ov (Note 1) | Ful | 2 
CA a 


i 
a a 
25 [100 

2 

Ts 


& 


Off Input Leakage Current, Is(oFF) 


o 
oO 


(Side A-Side B), Als(orF) 


oO 


slelg|els ||. elelalel el SAE 
oo olan S AINTo nm o nr 


Off Output Leakage Current, 
ID(OFF) 


Condition +10V (Note 1) 25 


(Side A-Side B), AID(OFF) 


a a 
[Gondiion stv | 28 | 10 
[Gonaiton tov [Ful 05 
(Condon Ov Woe) [25] 50 — 
[Gonditon =10v (note ) | 25 | 160 
[Gonaiton Ov (Note 1) | Ful_[ 5 
[Conaiton 210V (Note) | Ful_[ 6 
a a 
[Gondivonstov | 25 | 30 
[Gonaiton tov | Ful] 06 


Differential Offset Voltage, AVos Note 2 


POWER REQUIREMENTS 


rs 


aa 

Current, I- 25 
ee eee 
ES 


oO 


On Channel Leakage Current, Ip(oNn) 


=k 
oO 


(Side A-Side B), Alp(on) 


0.150 


Gy +18 


ani 
co) 
=k am hm 
ro) oln 


1. See Figures 2B, 2C, 2D. The condition +10V means: 
IS(OFF) Nd ID(OFF): 
(Vs = +10V, Vp = -10V), then 
(Vg = -10V, Vp = +10V) 
ID(ON): (+10V, then -10V) 
2. AVog (Exclusive of thermocouple effects) = ron Alp(on) + !D(ON) AToN- See Applications section for discussion of additional Vag error. 
3. Vin = 1kHz, 15Vp-_p on all but the selected channel. See Figure 7. 
4. Calculated from typical Single-Ended Crosstalk performance. 
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Typical Performance Curves uniess Otherwise Specified Ta = 25°C, V+ = +15V, V- = -15V, Vay = +4V and Va, = +0.8V 
A AL 


ON RESISTANCE (Q) 


TEMPERATURE (°C) 
FIGURE 1A. ON RESISTANCE TEST CIRCUIT FIGURE 1B. ON RESISTANCE vs TEMPERATURE 


900 


p= 
TRENT 


800 


q g 
© 700 ws 
z Ta = 25°C a 3 
< < 
: Zan all AN a 
D coo ines ca 7 
| ui 
tt 5 \ 
P- 
2 ue ro) 
500 ¥ , —~— | N 
7 Pret 3 
12 -10 8 -6 -4 ON 12 +5 +7 +9 +11 +13 +15 +17 
AALS PUT SUPPLY VOLTAGE (V) 
FIGURE 1C. ON RESISTANCE vs ANALOG INPUT VOLTAGE FIGURE 1D. ON RESISTANCE vs SUPPLY VOLTAGE 
FIGURE 1. ON RESISTANCE 
= HI-5397 
£& 
= 
WwW 
c 
ec 
= 
O 
WW 
O 
< 
x 
< 
WW 
all 


ID(OFF) = !S(OFF) 


to. « 6L 


sia a TEMPER a °c) — - + Similar Connection For Side “B” 
FIGURE 2A. LEAKAGE CURRENT vs TEMPERATURE FIGURE 2B. ID(OFF) TEST CIRCUIT (NOTE 1) 


” 
or 
rT 
< 
fr 
J 
Q. 
= 
=) 
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Typical Performance Curves unless Otherwise Specified Ta = 25°C, V+ = +15V, V- = -15V, Vay = +4V and Va = +0.8V 
(Continued) 


(A) ID(ON) 
= = +10V 
a wt 
+ Similar Connection For Side “B” + Similar Connection For Side “B” 
FIGURE 2C. IS(OFF) TEST CIRCUIT (NOTE 1) FIGURE 2D. ID(ON) TEST CIRCUIT (NOTE 1) 
NOTE: 
1. Three measurements = +10V/-10V, -10V/+10V, and OV. 
FIGURE 2. LEAKAGE CURRENT 
© +15V/+10V 


FUNCTIONAL LIMIT —> 


Vv = +15V 
Vsuppcy = +10V 


I+ SUPPLY CURRENT (mA) 


10MQ 


HIGH = 4.0V 
Va LOW =0V 


50% DUTY CYCLE -ISUPPLY 
0 ® -15V/-10V 
100Hz 1kHz 10kHz 100kHz 1MHz 3MHz 10MHz +Similar Connection For Side “B” 
TOGGLE FREQUENCY (Hz) 
FIGURE 3A. SUPPLY CURRENT vs TOGGLE FREQUENCY FIGURE 3B. SUPPLY CURRENT TEST CIRCUIT 


FIGURE 3. SUPPLY CURRENT 


5 +15V 


Nae we 


PROBE 


ACCESS TIME (ns) 


3 4 5 6 7 8 9 10 11 12 13 14 «15 
LOGIC LEVEL (HIGH) (V) 


FIGURE 4A. ACCESS TIME vs LOGIC LEVEL (HIGH) FIGURE 4B. ACCESS TIME TEST CIRCUIT 
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Typical Performance Curves unless Otherwise Specified Ta = 25°C, V+ = +15V, V- = -15V, Vay = +4V and Var = +0.8V 


(Continued) 

Tver | = TY] | | 
| EA 
Fa de eet eal nail 
aa A a 
Pt WL Tourer {| 
et tt | ee 


VaH = 4V 


ADDRESS 
DRIVE (Va) 


+10V 
OUTPUT 


-8V (10%) 
-10V 


200ns/DIV. 
FIGURE 4C. ACCESS TIME MEASUREMENT FIGURE 4D. ACCESS TIME WAVEFORMS 
FIGURE 4. ACCESS TIME 


+15V 


Van = 4V “VV 
HI-539 } +5V 
IN1A : 
ADDRESS 
IN 2, IN3A 
ov DRIVE (Va) 
IN 4A 
OUTPUT A 
Vout 

50% 50% . 


iV Va GL) 502 : 12.5pF 


T Similar connection for side “B” 


FIGURE 5A. topen MEASUREMENT FIGURE 5B. topen TEST CIRCUIT 


1V/DIV. 


S255 See 


100ns/DIV. 


FIGURE 5. topen WAVEFORMS 
FIGURE 5. BREAK-BEFORE-MAKE DELAY (topen) 


an me a WV 
CA 


” 
oc 
uu 
>< 
fr 
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QO. 
a 
=) 
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Typical Performance Curves unless Othemise Specified Ta = 25°C, V+ = +15V, V- 


(Continued) 


Van =4V. ENABLE DRIVE 


! 

! ! OV 

| | 

| 90% ! OUTPUT A 
| 

| ' 10% 


—=, tOFF(EN) = 


FIGURE 6A. ton(EN): torF(EN) MEASUREMENT 


ENABLE 
DRIVE 
2V/DIV. 


HI-539 


-15V, Vay = +4V and Va; = +0.8V 


+15V 


+V 


HI-539 + 


IN1A o +10V 


IN 2A THRU 
IN 4A 


12.5pF 


+ Similar connection for side “B” 


FIGURE 6B. ton(eEN): torF(EN) TEST CIRCUIT 


100ns/DIV. 


FIGURE 6C. ton(EN), toFF(EN) WAVEFORMS 
FIGURE 6. ENABLE DELAY tonen); torF(EN) 


HI-539 


INSTRUMENTATION 
AMPLIFIER 


G = 1000 


+ AD606 or BB3630, for Example 


FIGURE 7A. SINGLE-ENDED CROSSTALK TEST CIRCUIT 


HI-539 


INSTRUMENTATION 
AMPLIFIER 


G = 1000 


+ AD606 or BB3630, for example 


FIGURE 7B. DIFFERENTIAL CROSSTALK TEST CIRCUIT 


FIGURE 7. CROSSTALK 
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Typical Applications 
General 


The HI-539 accepts inputs in the range -15V to +15V, with 
performance guaranteed over the +10V range. At these 
higher levels of analog input voltage it is comparable to the 
HI-509, and is plug-in compatible with that device (as well as 
the HI-509A). However, as mentioned earlier, the HI-539 was 
designed to introduce minimum error when switching low 
level inputs. 


. Special care is required in working with these low level 
signals. The main concern with signals below 100mV is that 
noise, offset voltage, and other aberrations can represent a 
large percentage error. A shielded differential signal path is 
essential to maintain a noise level below 50uVr_ays. 


Low Level Signal Transmission 


The transmission cable carrying the transducer signal is 
critical in a low level system. It should be as short as practi- 
cal and rigidly supported. Signal conductors should be 
tightly twisted for minimum enclosed area to guard against 
pickup of electromagnetic interference, and the twisted pair 
should be_- shielded against capacitively coupled 
(electrostatic) interference. A braided wire shield may be sat- 
isfactory, but a lapped foil shield is better since it allows only 
"ho as much leakage capacitance to ground per foot. A key 
requirement for the transmission cable is that it presents a 
balanced line to sources of noise interference. This means 
an equal series impedance in each conductor plus an 
equally distributed impedance from each conductor to 
ground. The result should be signals equal in magnitude but 
opposite in phase at any transverse plane. Noise will be cou- 
pled in phase to both conductors, and may be rejected as 


common-mode voltage by a differential amplifier connected 
to the multiplexer output. 


Coaxial cable is not suitable for low level signals because the 
two conductors (center and shield) are unbalanced. Also, 
ground loops are produced if the shield is grounded at both 
ends by standard BNC connectors. If coax must be used, 
carry the signal on the center conductors of two equal-length 
cables whose shields are terminated only at the transducer 
end. As a general rule, terminate (ground) the shield at one 
end only, preferably at the end with greatest noise interfer- 
ence. This is usually the transducer end for both high and 
low level signals. 


Watch Small AV Errors 


Printed circuit traces and short lengths of wire can add 
substantial error to a signal even after it has traveled hun- 
dreds of feet and arrived on a circuit board. Here, the small 
voltage drops due to current flow through connections of a 
few millionms must be considered, especially to meet an 
accuracy requirement of 12 bits or more. 


Table 1 is a useful collection of data for calculating the effect 
of these short connections. (Proximity to a ground plane will 
lower the values of inductance.) 


As an example, suppose the HI-539 is feeding a 12-bit 
converter system with an allowable error of +'/5 LSB 
(+1.22mvV). If the interface logic draws 100mA from the 5V 
supply, this current will produce 1.28mV across 6 inches of 
#24 wire; more than the error budget. Obviously, this digital 
current must not be routed through any portion of the analog 
ground return network. 


TABLE 1. 


EQUIVALENT WIDTH 
OF P.C. CONDUCTOR 
(2 oz. Cu) 


DC RESISTANCE 
PER FOOT 


0.047" 0.0860 


INDUCTANCE PER 


IMPEDANCE PER FOOT 
0.006422 0.023522 


FOOT 
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HI-539 


Provide Path For Ipias 


The input bias current for any DC-coupled amplifier must 
have an external path back to the amplifier’s power supply. 
No such path exists in Figure 8A, and consequently the 
amplifier output will remain in saturation. 


A single large resistor (1MQ to 10MQ) from either signal line 
to power supply common will provide the required path, but a 
resistor on each line is necessary to preserve accuracy. A 
single pair of these bias current resistors on the HI-539 out- 
put may be used if their loading effect can be tolerated (each 
forms a voltage divider with ron). Otherwise, a resistor pair 
on each input channel of the multiplexer is required. 


The use of bias current resistors is acceptable only if one is 
confident that the sum of signal plus common-mode voltage 
will remain within the input range of the multiplexer/amplifier 
combination. 


Another solution is to simply run a third wire from the low 
side of the signal source, as in Figure 8B. This wire assures 
a low common-mode voltage as well as providing the path 
for bias currents. Making the connection near the multiplexer 


“FLOATING” 
SOURCE 


will save wire, but it will also unbalance the line and reduce 
the amplifier's common-mode rejection. 


Differential Offset, AVos 


There are two major sources of AVos. That part due to the 
expression (ron Alp(oNn) + |D(ON) ATon) becomes significant 
with increasing temperature, as shown in the Electrical 
Specifications tables. The other source of offset is the ther- 
mocouple effects due to dissimilar materials in the signal 
path. These include silicon, aluminum, tin, nickel-iron and 
(often) gold, just to exit the package. 


For the thermocouple effects in the package alone, the con- 
straint on AVog may be stated in terms of a limit on the dif- 
ference in temperature for package pins leading to any 
channel of the HI-539. For example, a difference of 0.13°C 
produces a 5yV offset. Obviously, this AT effect can domi- 
nate the AVos parameter at any temperature unless care is 
taken in mounting the HI-539 package. 


Temperature gradients across the HI-539 package should be 
held to a minimum in critical applications. Locate the HI-539 
far from heat producing components, with any air currents 
flowing lengthwise across the package. 


1M TO 10M e 
i} 

POWER SUPPLY ode 
COMMON ‘ 


- POWER SUPPLY 
COMMON 


NOTE: The amplifier in Figure 8A is unusable because its bias currents cannot return to the power supply. Figure 8B shows two alternative 
paths for these bias currents: either a pair of resistors, or (better) a third wire from the low side of the signal source. 


FIGURE 8B. 
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Die Characteristics 


DIE DIMENSIONS: WORST CASE CURRENT DENSITY: 
92 mils x 100 mils 2.54 x 10° A/cm@ at 20mA 
METALLIZATION: TRANSISTOR COUNT: 
Type: AlCu 236 
Thickness: 16kA +2kA 
PROCESS: 
SUBSTRATE POTENTIAL (NOTE): CMOS-DI 
-VSUPPLY 
PASSIVATION: 


Type: Nitride Over Silox 
Nitride Thickness: 3.5kA = kA 
Silox Thickness: 12kA +2.0kA 


NOTE: The substrate appears resistive to the -Vsypp_y terminal, therefore it may be left floating (Insulating Die Mount) or it may be mounted 
on a conductor at -Vsypp_y potential. 


Metallization Mask Layout 
HI-539 


ag 
{ 
Jae ta 
{ 
i 
- 
Gish 
Yi 


ws 


si 

4 
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Ss 


9 RERREP LOTTA (BEE LESEBLRELAL ASL OL EU RETALETTEEE, ER RRBERTTPEOVT POC PRATTOET BE 


IN1TA 


IN2A 


snssns | $y SSS IST RSTETTISIS 
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INSA IN4A OUTA OUTB IN4B IN3B 
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ip HI-546, HI-547, 
SEMICONDUCTOR HI-548, H/-549 


Single 16 and 8, Differential 8-Channel and 4-Channel 
August 1997 CMOS Analog MUXs with Active Overvoltage Protection 


Features Description 


The HI-546, HI-547, HI-548 and HI-549 are analog multiplexers with 
active overvoltage protection and guaranteed roy matching. Analog input 
¢ No Channel Interaction During Overvoltage levels may greatly exceed either power supply without damaging the 
device or disturbing the signal path of other channels. Active protection 
circuitry assures that signal fidelity is maintained even under fault condi- 
¢ 44V Maximum Power Supply tions that would destroy other multiplexers. 


e Analog Overvoltage Protection ..... 70Vp.p 
e Guaranteed ron Matching 


¢ Break-Before-Make Switching Analog inputs can withstand constant 70Vp.p levels with +15V supplies. 
Digital inputs will also sustain continuous faults up to 4V greater than either 
supply. In addition, signal sources are protected from short circuiting should 
e Access Time (Typical)............ 500ns_ multiplexer supply loss occur. Each input presents 1kQ of resistance under 
this condition. These features make the HI-546, HI-547, HI-548 and HI-549 
ideal for use in systems where the analog inputs originate from external 
equipment or separately powered circuitry. All devices are fabricated with 44V 
. . Dielectrically Isolated CMOS technology. The HI-546 is a single 16-Channel, 
Applications the HI-547 is an 8-Channel differential, the HI-548 is a single 8-Channel and 
the HI-549 is a 4-Channel differential device. If input overvoltage protection is 
not needed the HI-506/507/508/509 multiplexers are recommended. For fur- 


e Analog Signal Range.............. +15V 


e Standby Power (Typical) .......... 7.5mW 


e Data Acquisition 


e Industrial Controls ther information see Application Notes AN520 and AN521. The HI-546 and 
° Tel t HI-547 devices are available in a 28 lead Plastic or Ceramic DIP and a 28 pad 
meoienl Ceramic LCC package. The HI-548/549 devices are available in a 16 lead 


Plastic or Ceramic DIP and a 20 pad Ceramic LCC package. 


The HI-546, HI-547, HI-548 and HI-549 are offered in industrial/commercial 
and military grades. Additional Hi-Rel screening including 160 hour Burn-in is 
specified by the “-8” suffix. For MIL-STD-883 compliant parts, request the 
HI-546/883, HI-547/883, HI-548/883 and HI-549/883 datasheets. 


TEMP. 
PART NUMBER | RANGE (°C) 


HI1-0548-4 16LdCERDIP |F16.3 
HI1-0548-5 F16.3 
HI1-0548/883 F16.3 
HI3-0548-5 E16.3 
HI4-0548/883 J20.A 
HI4P0548-5 N20.35 
HI9P0548-5 M16.15 
HI9P0548-9 M16.15 
HI1-0549-2 F16.3 
HI1-0549-4 F16.3 
HI1-0549-5 F16.3 
HI1-0549/883 F16.3 
HI3-0549-5 E16.3 
HI3-0549-9 E16.3 
Hi4-0549/883 J20.A 
HI4P0549-5 N20.35 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 


FIT-0546-4 
HIT-0546- 
HIT-0546- 
HIT-0546/863 
HIG-0546- 
HIG-0546-9 
HIAPO546- 
HIOPO5A6-5 
HIOPO546-9 


, 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 31 50 1 
Copyright © Harris Corporation 1997 11-114 
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HI-546, HI-547, HI-548, HI-549 


Pinouts 
HI1-0546 (CERDIP), HI3-0546 (PDIP), HI9P0546 (SOIC) HI1-0547 (CERDIP), HI3-0547 (PDIP), HI9P0547 (SOIC) 
TOP VIEW TOP VIEW 
+VsuppLy | 1 | [28] OUT +VsuppLy [1 28} OUT A 


NC [2 -VSUPPLY OUT B [2] -VSUPPLY 
NC | 3] 26] IN 8 NC | 3] 26] IN 8A 

IN 16 | 4 25] IN 7 IN 8B | 4] 25] IN 7A 

IN 15 [5 | 24] IN 6 IN 7B] 5) 24] IN 6A 

IN 14/6, 23] IN 5 IN 6B | 6 23] IN 5A 

IN 13 IN 4 IN 5B IN 4A 

IN 12/8) IN 3 IN 4B | 8| 21] IN 3A 

IN 11] 9] 20] IN 2 IN 3B | 9) 20] IN 2A 

IN 10 [10 19} IN 1 IN 2B |10) 19] IN1A 
IN 9 11] 18] ENABLE IN 1B [11| 18] ENABLE 


GND |12 ADDRESS Ao GND [12! ADDRESS Ap 
Vrer |13) 16] ADDRESS A, Vrer [13] 16] ADDRESS A, 
ADDRESS Ag }14| 115] ADDRESS Az NC |14) 15}] ADDRESS A> 


H14-0546 (CLCC H14-0547 (CLCC 
HI4P0546 (PLCC) HI4P0547 (PLCC) 
TOP VIEW TOP VIEW 
> > 

a a al 7 
w a a © _ : ‘ a < 
© ke 2 -) a & re) 
2ee732 22373 22 
4] [3] [2] [7] [2 26 4) [3] 2] [4 fe 26 


IN 15 [5) IN7 IN 7B | 5) 
IN 14 | 6| 4 IN6 IN 6B | 6 | 
IN 13 y INS IN 5B 
IN 12 [8] 1 ING IN 4B [8 | 
IN 11 [9] IN3 IN 3B [9 
IN 10 [70} IN2 IN 2B [70) 


INQ [iT] 1nd IN 1B 77 


HI1-0548 (CERDIP), HI3-0548 (PDIP), HI9P0548 (SOIC) H11-0549 (CERDIP), HI3-0549 (PDIP), HI9P0549 (SOIC) 
TOP VIEW TOP VIEW 


Ao [1] 16] Ay Ao [1 16] Ay 
ENABLE [2 5] Az ENABLE [2] 15] GND 
-VsuppLy | 3| 14] GND -VsuppLy | 3| 

IN 1] 4] 13] +VsupPLy IN 1A] 4) 13] IN 1B 


IN2 [5] 42] IN 5 IN 2A [5] 72] IN 2B 
iINs[6 IN 6 IN 3A [6] 71] IN 3B 
IN 4 0] IN 7 IN 4A 0] IN 4B 


out [a ro] IN 8 ouT a [8] '9] OUT B 
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HI-546, HI-547, HI-548, HI-549 


Pinouts (Continued) 


HI14-0548 (CLCC) 
HI4P0548 (PLCC) 
TOP VIEW 


uJ 
_l 
rs 
< 
2 
Ww 
3 


HI4-0549 (CLCC) 
HI4P0549 (PLCC) 
TOP VIEW 


w 
= 
a 
< 
2 
i 
3) 


ra 
- = 
< 6 

19 


o O 
<q 2 
2] [41] po 


. -VsupPLy [4] B| +VSUPPLY 
Meveror api IN 1A [ 5) IN 1B 
oie 4 +Vsuppty Ne [fF sits 
NC [6] | NC 
, IN 2A [7] IN 2B 
IN 2 [7] IN 5 
IN 3A [8 | 4 IN 3B 
IN3 [8 Al IN6 
ST Ho AA 5 Oglyw 13 
z222z22 z 5 5 z 
Functional Diagrams 
HI-546 HI-547 


IN 1 


IN 2 


DECODER/ 
DRIVER 


IN 16 


OVERVOLTAGE 
CLAMP AND a 


SIGNAL | NEE | 
ISOLATION 
+ DIGITAL INPUT ‘lr ile ; i 
PROTECTION 


a i; rs re EN 
HI-548 


IN 1 


IN 2 


DECODER/ 
DRIVER 


IN 8 


LEVEL 
SHIFT 


Tt 


Ao Ai Ao EN 


OVERVOLTAGE 
CLAMP AND 5V 
SIGNAL REF 


ISOLATION 


+ DIGITAL INPUT 
PROTECTION 


IN 8A 
IN 1B 
DECODER/ 
IN 8B 01 0 DRIVER 
Lew = = 
OVERVOLTAGE 
CLAMP AND | SEE 
SIGNAL | SEE 
ISOLATION 
+ DIGITAL INPUT ; ' ‘| fr 
PROTECTION 
Hage Ao he he EN 
H1-549 
IN1A 
IN 4A 
IN 1B 
DECODER/ 


IN 4B DRIVER 
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Schematic Diagrams 
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+V 
TO P-CHANNEL 
N DEVICE OF 


THE SWITCH 


salhel 


TO N-CHANNEL 
DEVICE OF 
THE SWITCH 


Ap OR Ay 


N 


— 


ENABLE 


DELETE A3 OR Ag INPUT FOR HI-549 
DELETE Az OR A> INPUT FOR HI-549 Ly. 


SS 


MULTIPLEX SWITCH 


FROM 
DECODE > 


OVERVOLTAGE PROTECTION 


OUT 


FROM 5 
DECODE 


” 
or 
uu 
>< 
fr 
awd 
QO. 
a 
=| 
= 


11-117 


HI-546, HI-547, HI-548, HI-549 


Schematic Diagrams (Continued) 
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Absolute Maximum Ratings Thermal Information 
VsuPPLy(+) tO VSUPPLY(-) -- +++ eee eee eee eee eee ene ee +44V Thermal Resistance (Typical, Note 1) Oya (CCIW) 8yc (CCW) 
VSUPPLY(+) Me EA oo ce oes Ate e Ode See ee ete wes +22V 16 Ld CERDIP Package ............ 85 32 
VsupPLy(-) 10 GND. ......- cece ence emcee ewe cena nn ewes -25V 28 Ld CERDIP Package ............ 55 18 
Digital Input Overvoltage 20 LG CLOC Package 22.6 cusccaswe . 80 28 
OME UA t medi cn taiu es anch bwde ale od geecds +Vsuppry +4V 28 Ld CLCC Package .............. 70 20 
NEN AVA cco cieeeie dean eon nsiak seensae ns -VsuPPLy -4V 20 LO POP PaChage «.cicctsucieuns 60 N/A 
or 20mA, Whichever Occurs First 16 LG PDIP PaCKeS no. cnx ce ne vnwes 100 N/A 
Analog Signal Overvoltage (Note 6) 28 LO PLOC Package «i icasaciinsia 70 N/A 
A EE ERT TTT CCT UTE T TTT +VsuppLy +20V 20 Ld PLCC Package .....s00ccanes 80 N/A 
NG -¢cac gh dtonde wee ens a annwe ses Haan RES es -VsuPPLy -20V 28 Ld SOIG Package iss icsicceecnss 70 N/A 
Continuous Current, SorD ........ 0... cece eee 20mA 16 Ld SOIC Package............... 100 N/A 
Peak Gonent, SOP) .iccccecssedsscariessetsnewianna 40mA Maximum Junction Temperature 
(Pulsed at ims, 10% Duty Cycle Max) Orie Pata . cca bis ee ods xe cent wend aneweese os 175°C 
; _. Plastic Package... ...6.scceecseuvuguveuseenncans 150°C 
Operating Conditions Maximum Storage Temperature Range .......... -65°C to 150°C 
Operating Temperature Ranges Maximum Lead Temperature (Soldering 10s)............. 300°C 
HI-546/547/548/549-2. 2.0... eee eee -55°C to 125°C (PLCC, SOIC - Lead Tips Only) 
HI-S46/547/548/549-4, oc cissesweecweusenss -25°C to 85°C 
Hl-546/547/548/549-5.. 20. ete eens 0°C to 75°C 
HI-546/547/548/549-9. 0... eee eee -40°C to 85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 6ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Supplies = +15V, -15V; Vagr Pin = Open; Vay (Logic Level High) = +4V; Va; (Logic Level Low) = +0.8V; 
Unless Otherwise Specified. For Test Conditions, Consult Performance Curves 
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CONDITIONS 
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SWITCHING CHARACTERISTICS 
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DIGITAL INPUT CHARACTERISTICS 
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Electrical Specifications Supplies = +15V, -15V; Vaer Pin = Open; Vay (Logic Level High) = +4V; Va; (Logic Level Low) = +0.8V; 
Unless Otherwise Specified. For Test Conditions, Consult Performance Curves (Continued) 


PARAMETER SONDTIONS ae an | ave | ma] UNITS 
CO 
Input Leakage Current (High or Low), la Poe fe | 40 | Po. f= | 10 | re 
meee 


ANALOG CHANNEL CHARACTERISTICS 
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Aron: (Any Two Channels) | ee ME 
Off Input Leakage Current, em Note 2 | ae | F = | 0.03 
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Off Output Leakage Current, Ip(oFF) 
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With Input Overvoltage Applied, Ip(oFF) 
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On Channel Leakage Current, Ip(on) 
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Differential Off Output Leakage Current Full 
(HI-547, HI-549 Only), IpiFF 


POWER REQUIREMENTS 
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NOTES: 
1. Vout = +10V, lout = ¢ 100A. 
. 10nA is the practical lower limit for high speed measurement in the production test environments. 
. Analog Overvoltage = +33V. 
. Digital input leakage is primarily due to the clamp diodes (see Schematic). Typical leakage is less than 1nA at 25°C. 
Ven = 0.8V, Ru = 1K, C, = 15pF, Vs = 7Vams, f = 100kHz. 
Ven, Va = OV or 4V. 
. To drive from DTL/TTLCircuits, 1kQ pull-up resistors to +5Vsypp_y are recommended. 
. Vrer = +10V. 
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Typical Performance Curves Tp = 25°C, Vsuppty = +15V, Van = +4V, VaL = 0.8V, VreF = Open, Unless Otherwise Specified 


-100LA 


V2 


r [—_—_—_— 
ON 00uA 


FIGURE 1A. ON RESISTANCE TEST CIRCUIT 


et tT tT tet tT 
wt tT tT tT | tt tt 
Mt Tt tT tt 
PINT tT tT Et tt 
PEIN | Tp tt 
pt} ft PASS 
pt ttt tt 
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“10 8 6 4 -2 +2 +4 46 48 +10 +5 +9 +0 4411 412 413 414 +15 
ANALOG INPUT (V) 


ON RESISTANCE (kQ2) 
NORMALIZED ON RESISTANCE 
(REFERRED TO VALUE AT +15V) 

i 


SUPPLY VOLTAGE (V) 


FIGURE 1B. ON RESISTANCE vs ANALOG INPUT VOLTAGE FIGURE 1C. NORMALIZED ON RESISTANCE vs SUPPLY 
VOLTAGE 


FIGURE 1. ON RESISTANCE 
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FIGURE 2A. LEAKAGE CURRENT vs TEMPERATURE FIGURE 2B. Ip(orr) TEST CIRCUIT 
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Typical Performance Curves 1p = 25°C, Vsuppiy = +15V, VaH = +4V, Vat = 0.8V, Vrer = Open, Unless Otherwise Specified 
(Continued) 


Is(OFF) 


+10V + 10V 


I 


NOTE: 
1. Two measurements per channel: +10V/-10V and -10V/+10V. (Two measurements per device for Ip(QFF): +10V/-10V and -10V/+10V.) 
FIGURE 2. LEAKAGE CURRENT 


— +2.4V 


FIGURE 2C. Is (off) TEST CIRCUIT FIGURE 2D. Ip(ony TEST CIRCUIT 


ANALOG INPUT 
CURRENT (lx) 


TT KT 
CLK 
ae 


—_ 
a 


12 


eae OFF LEAKAGE 
3 CURRENT ID(oFF) 


ANALOG INPUT CURRENT (mA) 
© 


OUTPUT OFF LEAKAGE CURRENT (nA) 


+15 +18 +21 +24 +27 «42++30 +33 +36 
ANALOG INPUT OVERVOLTAGE (V) 


FIGURE 3A. ANALOG INPUT CURRENT AND OUTPUT OFF FIGURE 3B. ANALOG INPUT OVERVOLTAGE TEST CIRCUIT 
LEAKAGE CURRENT vs ANALOG INPUT 
OVER-VOLTAGE 


FIGURE 3. ANALOG INPUT OVERVOLTAGE CHARACTERISTICS 


CTE 
mmm 
mA ad 
Caer 
74a 


AA} tt 
AL | i it | | | 


0 +2 +8 +10 +12 +14 
ue acai: SWITCH (V) 


SWITCH CURRENT (mA) 


FIGURE 4A. ON CHANNEL CURRENT vs VOLTAGE FIGURE 4B. ON CHANNEL CURRENT TEST CIRCUIT 
FIGURE 4. ON CHANNEL CURRENT 
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Typical Performance Curves Tp = 25°C, Vsuppty = +15V, Van = +4V, Vat = 0.8V, VaeF = Open, Unless Otherwise Specified 
(Continued) 


9 +15V/+10V 


+V 
IN 1 


Oo +10V/+5V 


HI-546 7 
2 IN 2 


THRU 
Va (x1) 502 IN 15 


IN 16 


VsuppLy = + 15V 


SUPPLY CURRENT (mA) 


Z| 


TOGGLE FREQUENCY (Hz) 


-ISUPPLY 
b -15V/-10V 


+ Similar connection for HI-547/HI-548/HI-549. 
FIGURE 5A. SUPPLY CURRENT vs TOGGLE FREQUENCY FIGURE 5B. SUPPLY CURRENT vs TOGGLE FREQUENCY 
FIGURE 5. SUPPLY CURRENT 


> +15V 


Vref = OPEN FOR LOGIC HIGH LEVEL < 6V 
Ver = LOGIC HIGH FOR LOGIC HIGH LEVELS > 6V 
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IN 1 


VREF 


o +10V 
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VET ETT TT yy a 
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7 10V 


SERRE EREREEEE 
PATEL EL “ 


sa a (SAE (MT (Ee EY ee] 


IN 16 PROBE 


ACCESS TIME (ns) 


OUT 
-V 


3 4 5 6 15 = 
Losic LeveL (atch Ww + Similar connection for HI-547/HI-548/HI-549. oe 
FIGURE 6A. ACCESS TIME vs LOGIC LEVEL (HIGH) FIGURE 6B. ACCESS TIME TEST CIRCUIT 


FIGURE 6. ACCESS TIME 


Switching Waveforms 


Van = 4.0V 


ADDRESS 
DRIVE (Va) 


+10V 
OUTPUT 
] 
] 
| .— 90% 
: - aE i 
7 We | 
pti i 
200ns/DIV. 
FIGURE 7A. ACCESS TIME MEASUREMENT FIGURE 7B. ACCESS TIME WAVEFORMS 


FIGURE 7. ACCESS TIME (Refer to Figure 6B for Test Circuit) 
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Switching Waveforms (Continued) 


Az HI-5467 
A2 


+5V 
IN 1 : 


IN 2 THRU 
IN 15 


IN 16 


+ Similar connection for HI-547/HI-548/HI-549 


FIGURE 8A. BREAK-BEFORE-MAKE DELAY TEST CIRCUIT 
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50% 50% 
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FIGURE 8B. BREAK-BEFORE-MAKE DELAY MEASUREMENT 


OUTPUT A 
0.5V/DIV. 


100ns/DIV. 


FIGURE 8C. BREAK-BEFORE-MAKE DELAY WAVEFORMS 
FIGURE 8. BREAK-BEFORE-MAKE DELAY (topen) 
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+ Similar connection for HI-547/HI-548/HI-549 


FIGURE 9A. ENABLE DELAY TEST CIRCUIT 
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FIGURE 9B. ENABLE DELAY MEASUREMENTS 
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Die Characteristics 


DIE DIMENSIONS: WORST CASE CURRENT DENSITY: 
83.9 mils x 159 mils x 19 mils 1.4x 10° A/cm 
METALLIZATION: TRANSISTOR COUNT: 
Type: CuAl HI-546: 485 
Thickness: 16kA +2kA HI-547: 485 
SUBSTRATE POTENTIAL (NOTE): PROCESS: 
-VSUPPLY CMOS-DI 
PASSIVATION: 


Type: Nitride Over Silox 
Nitride Thickness: 3.5kA +1 
Silox Thickness: 12kA +2kA 


NOTE: The substrate appears resistive to the -Vsypp_y terminal, therefore it may be left floating (Insulating Die Mount) or it may be mounted 
on a conductor at -Vsypp_y potential. 


Metallization Mask Layouts 


HI-546 HI-547 
EN Ao Ay A2 A3 VREF GND EN Ao A; A2 NC Vrer GND 
(18) (17) (16) (15) (14) (13) (12) (18) (17) (16) (15) (14) (13) (12) 
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Die Characteristics 


DIE DIMENSIONS: WORST CASE CURRENT DENSITY: 
83 mils x 108 mils x 19 mils 1.4.x 10° A/em 
METALLIZATION: TRANSISTOR COUNT: 
Type: CuAl HI-548: 253 
Thickness: 16kA +2kA HI-549: 253 
SUBSTRATE POTENTIAL (NOTE): PROCESS: 
-VSUPPLY CMOS-DI 
PASSIVATION: 


Type: Nitride Over Silox 
Nitride Thickness: 3.5kA +1kA 
Silox Thickness: 12kA +2kA 


NOTE: The substrate appears resistive to the -Vsupp_y terminal, therefore it may be left floating (Insulating Die Mount) or it may be mounted 
on a conductor at -Vsupp_y potential. 


Metallization Mask Layouts 
HI-548 HI-549 


IN6 IN7 IN8 OUT IN4 IN3 IN 3B IN 4B OUT B OUTA IN 4AIN3A 
(11) (10) (9) (8) (7) (6) (11) (10) (9) (8) (7) (6) 
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2) 
NUMBER OF PINS 
STANDARDUPINTERFACE 
MUXBUS OPTION, 
PROGRAMMABLE SQUARE WAVE OUTPUT SIGNAL 
INTERRUPTS 
BYTES OF GENERAL PURPOSE RAM 
JONBOARD OSCILLATOR 
eon LINE 
[4.197MHz, 1.049MHz, 32.768KHz XTAL 
2.097MHz XTAL 
READS SEC. MIN. HR DAY,MONTH 


HOLVT1DSO | 3DVSH3SLNI d" - 


apiny uolda/aS 


READS YEAR,DATE 
DAYLIGHT SAVINGSTIME 
JAUTOMATIC END OF MONTH RECOGNITION 
JAUTOMATIC LEAP YEAR COMPENSATION 
42OR24HOUR CLOCK WITH AM/PM 
[SCD FORMAT AVAILABLE 


1/10s, 1/100s ALARM 
SEC., MIN., HR. ALARM 


[POWER SENSE INPUT/DETECTION 
IBATTERYINPUTPIN, 
ISTANDBYTIMEKEEPING 
JPOWERDOWNMODE(JA) 
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Ww HARRIS AD590 


Complete Data Sheet available via web, Harris’ 


home page: http://www.semi.harris.com 2-Wire, Current Output 
August 1997 or via Harris AnswerFAX, see Section 17 Temperatu re Transd ucer 
Features Description 
e Linear Current Output ..............000005 1nA/°K The AD590 is an integrated-circuit temperature transducer 
“ ‘ which produces an output current proportional to absolute tem- 
* Wide Temperature Range ........... “55°C to 150°C perature. The device acts as a high impedance constant cur- 
° Two-Terminal Device Voltage In/Current Out rent regulator, passing 1A/°K for supply voltages between 
+4V and +30V. Laser trimming of the chip's thin film resistors is 
* Wide Power Supply Range ............. +4V to +30V used to calibrate the device to 298.2uA output at 298.2°K 
(25°C). 


e Sensor Isolation From Case 
The AD590 should be used in any temperature-sensing 
application between -55°C to 150°C in which conventional 


Ordering Information electrical temperature sensors are currently employed. The 


inherent low cost of a monolithic integrated circuit combined 
PART 
NUMBER PACKAGE 


with the elimination of support circuitry makes the AD590 an 
attractive alternative for many temperature measurement sit- 
AD590]H +3.0 -55 to150 |3LdMetal Can} T3.A 
(TO-52) 
AD590JH +15 -55 to150 |3LdMetalCan; T3.A 
(TO-52) 


e Low Cost 


LINEARITY | TEMP. RANGE 


SPECIAL 
PURPOSE 


uations. Linearization circuitry, precision voltage amplifiers, 
resistance measuring circuitry and cold junction compensa- 
tion are not needed in applying the AD590. In the simplest 
application, a resistor, a power source and any voltmeter can 
be used to measure temperature. 


In addition to temperature measurement, applications include 
temperature compensation or correction of discrete 
components, and biasing proportional to absolute temperature. 


The AD590 is particularly useful in remote sensing applica- 
tions. The device is insensitive to voltage drops over long 
lines due to its high-impedance current output. Any well 
insulated twisted pair is sufficient for operation hundreds of 
feet from the receiving circuitry. The output characteristics 
also make the AD590 easy to multiplex: the current can be 
switched by a CMOS multiplexer or the supply voltage can 
be switched by a logic gate output. 


Pinout Functional Diagram 


AD590 + 
(METAL CAN) 
R1 2602 2 R2 10400 


Bs oe 


CHIP 
SUBSTRATE 


CASE 


R5 1462 


R6 82022 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 31 71 1 
Copyright © Harris Corporation 1997 12-3 


HARRIS ICL8069 


Complete Data Sheet available via web, Harris’ 


home page: http://www.semi.harris.com 


August 1997 or via Harris AnswerFAX, see Section 17 Low Voltage Reference 
Features Description 
e Low Bias Current (Min) ..............0-000005 50uA The ICL8069 is a 1.2V temperature-compensated voltage 


reference. It uses the band-gap principle to achieve excel- 
lent stability and low noise at reverse currents down to 50uA. 
e Low Reverse Voltage Applications include analog-to-digital converters, digital-to- 
analog converters, threshold detectors, and voltage regula- 
tors. Its low power consumption makes it especially suitable 
for battery operated equipment. 


e Low Dynamic Impedance 


e Low Cost 


Ordering Information 


[—ranrninaen —[wasonrenreo[vewsnmaece | raskase [PGW 


Pinouts 
ICL8069 ICL8069 ICL8069 
(SOIC) (METAL CAN TO-52) (SIP TO-92) 
TOP VIEW TOP VIEW TOP VIEW 
COMP 


NC V+ 
V+ 
NC NC 7] [2] [3 
ne [3] NC ae 
v- | 4] NC 
V- 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 31 72 1 
Copyright © Harris Corporation 1997 42-4 
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SEMICONDUCTOR 


ICM7170 


Microprocessor-Compatible, Real-Time Clock 


tt 


August 1997 


Copyright © Harris Corporation 1997 


Features 


e 8-Bit, uP Bus Compatible 
- Multiplexed or Direct Addressing 


e Regulated Oscillator Supply Ensures Frequency 
Stability and Low Power 


e Time From 1/100 Seconds to 99 Years 
e Software Selectable 12/24 Hour Format 


e Latched Time Data Ensures No Roll Over During Read 


¢ Full Calendar with Automatic Leap Year Correction regulated power supply. = oD 

¢ On-Chip Battery Backup Switchover Circuit The device access time (tacc) of 300ns eliminates the need . a 
; ; at 

« Recane Tim eas than S0ties for wait states or software overhead with most oS > 


¢ 4 Programmable Crystal Oscillator Frequencies Over 
industrial Temperature Range 


¢ 3 Programmable Crystal Oscillator Frequencies Over 
Military Temperature Range 


e On-Chip Alarm Comparator and RAM 


e Interrupts from Alarm and 6 Selectable Periodic 
Intervals 


e Standby Micro-Power Operation: 1.2uA Typical at 3.0V 
and 32kHz Crystal 


Applications 

e Portable and Personal Computers 
e Data Logging 

e Industrial Control Systems 


e Point Of Sale 


Ordering Information 


Lrscaaoe | Won 
ea 


24 Ld SOIC M24.3 
24 Ld SBDIP D24.6 


“A” Parts Screened to <5uA Igtpy at 32kHz. 


NOTE: 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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Description 


The ICM7170 real time clock is a microprocessor bus 
compatible peripheral, fabricated using Harris’ silicon gate 
CMOS LSI process. An 8-bit bidirectional bus is used for the 
data I/O circuitry. The clock is set or read by accessing the 8 
internal separately addressable and programmable counters 
from "hy 00 seconds to years. The counters are controlled by 
a pulse train divided down from a crystal oscillator circuit, 
and the frequency of the crystal is selectable with the on- 
chip command register. An extremely stable oscillator 
frequency is achieved through the use of an on-chip 


microprocessors. Furthermore, an ALE (Address Latch 
Enable) input is provided for interfacing to microprocessors 
with a multiplexed address/data bus. With these two special 
features, the ICM7170 can be easily interfaced to any 
available microprocessor. 


The ICM7170 generates two types of interrupts, periodic and 
alarm. The periodic interrupt (100Hz, 10Hz, etc.) can be 
programmed by the internal interrupt control register to 
provide 6 different output signals. The alarm interrupt is set 
by loading an on-chip 51-bit RAM that activates an interrupt 
output through a comparator. The alarm interrupt occurs 
when the real time counter and alarm RAM time are equal. A 
status register is available to indicate the interrupt source. 


An on-chip Power Down Detector eliminates the need for 
external components to support the battery back-up 
function. When a power down or power failure occurs, 
internal logic switches the on-chip counters to battery back- 
up operation. Read/write functions become disabled and 
operation is limited to time-keeping and interrupt generation, 
resulting in low power consumption. 


Internal latches prevent clock roll-over during a read cycle. 
Counter data is latched on the chip by reading the 
100th-seconds counter and is held indefinitely until the 
counter is read again, assuring a stable and reliable time 
value. 
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SINGLE POLE SINGLE THROW SWITCH (SPST, FIGURE 1) 


(NOTE 1) 
(NOTES 2. 3) TDS(ON) Q SWITCH SWITCH lsorr (+nA) ton (ns) torr (ns) 
DEVICE MIL SPEC MAX “ON” (V) “OFF” (V) | TECHNOLOGY TYP TYP TYP FEATURES 


DUAL SINGLE POLE SINGLE THROW SWITCH (2 x SPST, FIGURE 2) 


(NOTE 1) 
(NOTES 2, 3) TDS(ON) Q SWITCH SWITCH Isorr (+nA) ton (ns) torr (ns) 
DEVICE MIL SPEC MAX “ON” (V) “OFF” (V) | TECHNOLOGY TYP TYP TYP FEATURES 
AA, AK Y 36V CMOS-JI TTL Inputs 
BA, BK 
CJ 


fHi-o222 | 5-9 Y 36V CMOS-DI Video Switch 
i 

44V CMOS-D! TTL5V CMOS Logic 
Hi2-0300 | 2-5] CY 


Very Low Leakage 
ae ee 44v CMOS-DI | 0.04 160 
Hizo304 | 25 
a A 44V CMOS DI 


SWITCHES 


15V CMOS Logic 
Very Low Leakage 


Very Low Leakage 


SPINE) UO!]VZIIS 


vel 


SWITCH 
“ON” (V) 


SWITCH 
“cc OFF” (V) 


(NOTES 2, 3) 


DUAL SINGLE POLE SINGLE THROW SWITCH (2 x SPST, FIGURE 2) (Continued) 
DEVICE 


Tps(on) &2 Isorr (tMA)} ton (ns) | torr (ns) 
MIL SPEC MAX TECHNOLOGY |__‘ TYP TYP TYP FEATURES 
| -2,-5,-7,8 7 YY | 7 36V CMOS-D! 370 102 rpsiony Matching 
a a | Te Eee 
cee posmenns, | 
er Ra 


ee eee 
CPD, ITW, 36V CMOS-JI RF Video T-Switch 
MTW 
QUAD SINGLE POLE SINGLE THROW SWITCH (4 x SPST, FIGURE 3) 


(NOTE 1) 
r DS(ON) Q SWITCH SWITCH lsorr (+nA) ton ton (ns) torr (ns) 
MIL SPEC MAX “ON” (V) “OFF” (V) | TECHNOLOGY TYP TY? TYP ———— 


36V CMOS-JI 


44V CMOS-JI 
44V CMOS-JI 


44V CMOS-JI 
44V CMOS-JI 0.01 


(NOTES 2, 3) 
DEVICE 


eee Low Leakage 


Very Low Leakage 


CMOS Logic, Single or Dual 
Supply Operation 
CMOS Logic, Single or Dual 
Supply Operation 
Very Low 'DS(ON) 
Very Low Ipson) 


Very Low TDS(ON) 
Channel 1, 4 “ON” 
Channel 2, 3 “OFF” 


Low rpsion), Low Leakage 
Low Ipsion), Low Leakage 
Low Ipsion): Low Leakage 


Low rpsion), Low Leakage 


ef 
al 
ae 
DG308A AK, BK 60 Typ 
ee 
DG309 AK, BK, 60 Typ 
pr cde | | PM 
—— 
in 
ae 
| Yl 
ne 
ae 


44V CMOS-JI 


44V CMOS-JI 


DJ, DY EJ, EY 


DJ, DY EJ, EY 


110 


(penujucd) SPINE) UOIJIajaS 
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QUAD SINGLE POLE SINGLE THROW SWITCH (4 x SPST, FIGURE 3) (Continued) 


(NOTE 1) 
(NOTES 2, 3) TDS(ON) Q SWITCH SWITCH lsorr (+nA) ton (ns) torr (ns) 
DEVICE MAX “ON” (V) “OFF” (V) | TECHNOLOGY TYP TYP TYP FEATURES 


HI1-0201 


-2, -4, -5, 44V CMOS-DI 220 
7.8 
Le 
mae 
| 
36V CMOS-DI 0.3 40 
a 
a 


FOUR POLE SINGLE THROW SWITCH (4PST, FIGURE 4) 
(NOTES 2, 3) 


(NOTE 1) 
TDS(ON) Q SWITCH SWITCH lsorr (+nA) ton (ns) torr (ns) 
DEVICE MIL SPEC MAX “ON” (V) | “OFF” (V) | TECHNOLOGY| TYP TYP TYP FEATURES 
HI1-5047 -2, -5, -7 75 2.4 36V CMOS-JI 370 10Q Max rpsion) Matching 


HI1-5047A -2, -5, -7, -8 45 2.4 36V CMOS-JI 370 5Q. Max fpsion) Matching 


SINGLE POLE DOUBLE THROW SWITCH (SPDT, FIGURE 5) 


(NOTE 1) 
TDS(ON) Q SWITCH SWITCH lsorr (+nA) ton (ns) torr (ns) 
MIL SPEC MAX “ON” (V) | “OFF” (V) | TECHNOLOGY TYP TYP TYP FEATURES 
¥ 44V CMOS-JI 0.1 150 130 Channel 1 “ON”, Channel 2 
“OFF”, TTL Inputs 


SWITCHES 


HI3-0201 
HI4P0201 
HI9P0201 
HI4-0201/883 
HI1-0201HS 


High Speed, Low rpson) 


HI3-0201HS 
HI4P0201HS 
HI9P0201HS 
H1I4-0201HS/883 
IH5052 

IH5053 

IH5352 


(NOTES 2, 3) 
DEVICE 


DG301A 


(penunucd) SpINE) UOIIajaS 


9-E1 


SINGLE POLE DOUBLE THROW SWITCH (SPDT, FIGURE 5) (Continued) 


(NOTE 1) 
(NOTES 2, 3) Tpsion) 2 =| SWITCH | SWITCH Isorr (tNA)| ton (ns) | tore (ns) 
DEVICE MIL SPEC MAX “ON” (V) | “OFF” (V) | TECHNOLOGY| TYP TYP TYP FEATURES 
HI1-0301 44V CMOS-DI Very Low Leakage, TTL Inputs 
Channel 1 “ON” 
Hi2-0301 | 25 Channel 2 “OFF” 
Hisposo1 | 59 | 
HI1-0305 | 25 J YY | 11.0 44V CMOS-DI 160 15V CMOS Logic 
Very Low Leakage 
Hi2-0305 | 25 Channel 1 “ON” 
HI1-0387 eT eae 44V CMOS-DI Channel! 1 “ON”, 
newer | 2s | ¥ _ sell 
Very Low Leakage 
FHI1-5042 = | -2, -5, -7 75 36V CMOS-DI 370 Channel 1 “ON”, 
, Channel 2 “OFF” 
HI3-5042 
HI1-5050 45 36V CMOS-DI 370 Channel 1 “ON”, 
Channel 2 “OFF”, 


(NOTES 2, 3) 
DEVICE 


DG303A 


(NOTE 1) 
Isorr (tNA)| ton (ns) | torr (ns) 
MIL SPEC TECHNOLOGY TYP TYP TYP FEATURES 
44VCMOS-JI TTL and CMOS Compatible 
CK, CJ, BY 


TDS(ON) Q SWITCH SWITCH 
M 


AX “ON” (V) “OFF” (V) 
FHI1-0303 | -2,-5 Y 44V CMOS-DI Switch 1, 2 “ON”, 
Switch 3, 4 “OFF” 
His-o303 |S variance ye 


DUAL SINGLE POLE DOUBLE THROW SWITCH (2 x SPDT, FIGURE 6) 
CY, AK, BK, 


m 


Very Low Leakage 


HI1-0307 2 6, <7 44V CMOS-DI Switch 1, 2 “ON”, 


(penujucd) SPINE) UOI]Iajasg 
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DUAL SINGLE POLE DOUBLE THROW SWITCH (2 x SPDT, FIGURE 6) (Continued) 


(NOTE 1) 
SWITCH SWITCH lsorr (+nA) ton (ns) torr (ns) 
MIL SPEC “ON” (V) | “OFF” (V) | TECHNOLOGY TYP TYP TYP FEATURES 
a ae 44V CMOS-DI Switch 1, 2 “ON”, 


Switch 3, 4 “OFF”, 
Very Low Leakage 
Sf — ap : 
| _ uu 


1H5043 CJE, CPE, 36V CMOS-JI 1000 500 Switch 1 “ON” 
CY, MJE Switch 2 “OFF”, Low Power 
1H5151 CJE, CPE, T 36V CMOS-JI 1.0 
MJE 


DOUBLE POLE SINGLE THROW SWITCH (DPST, FIGURE 7) 


(NOTE 1) 
(NOTES 2, 3) TDS(ON) Q SWITCH SWITCH lsorr (+nA) ton (ns) torr (ns) 
DEVICE MIL SPEC MAX “ON” (V) | “OFF” (V) | TECHNOLOGY TYP TYP TYP FEATURES 
}H11-5044 | -2,-5, -7 36V CMOS-DI 10Q Max fpsion) Matching 
a a 


DUAL DOUBLE POLE SINGLE THROW SWITCH (2 x DPST, FIGURE 8) 
(NOTE 1) 
(NOTES 2, 3) rpsjon) 2 | SWITCH | SWITCH Isorg (tNA)| ton (ns) | tore (ns) 
DEVICE MIL SPEC MAX “ON” (V) | “OFF” (V) | TECHNOLOGY|  TyP TYP TYP FEATURES 


a a a 
DJ,DY,E,EY} Y| | 44VCMOS-JI | -0.01 oT ee a Se Very Low rpson) 


a a 


SWITCHES 


(NOTES 2, 3) 
DEVICE 


HI1-0390 
HI3-0390 
HI9P0390 
HI1-5043 
HI3-5043 
HI9P5043 
HI1-5051 
HI3-5051 
HI4P5051 


Switch 1, 2 “ON”, 
Switch 3, 4 “OFF”, 
102 Max fpson) Matching 


Switch 1, 2 “ON”, 
Switch 3, 4 “OFF”, 
5Q Max TDS(ON) Matching 


(panujucd) apiIne) uolIa/aS 


B8-El 


DUAL DOUBLE POLE SINGLE THROW SWITCH (2 x DPST, FIGURE 8) (Continued) 


(NOTES 2, 3) cae SWITCH SWITCH = lsorr (tnA) 
DEVICE MAX “ON” (V) “OFF” (V) | TECHNOLOGY TYP TYP TYP FEATURES 
A 44V CMOS-DI Very Low Leakage 
HI3-0384 
HI9P0384 


36V CMOS-DI 5Q 'DS(ON) Matching 


36V CMOS-DI 10Q Max 'DS(ON) Matching 
HI3-5045 
H14-5045/883 
HI9P5045 


(NOTES 2, 3) SWITCH | SWITCH Isorr (ENA) | ton (ns) 
DEVICE “ON” (V) “OFF” (V) | TECHNOLOGY TYP TYP FEATURES 
17D; 36V CMOS-DI 370 Switch 1 and 4 “ON” 
Switch 2 and 3 “OFF” 
10Q Max TDS(ON) Matching 


HIi1-5046A -2, -5, -7 36V CMOS-DI Switch 1 and 4 “ON” 
HI3-5046A Switch 2 and 3 “OFF” 
5Q Max TDS(ON) Matching 


Isorr (ENA)] ton (ns) | torr (ns) 
TECHNOLOGY TYP TYP TYP FEATURES 


36V CMOS-JI ars Quad SPST 


SWITCH 
“OFF” (V) 


SWITCH 


(NOTES 2, 3) 
“ON” (V) 


DEVICE 


(penunucd) apIN) uOIjIaj/aSg 
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NOTES: 


1. The tpson) Of a CMOS switch varies as a function of supply voltage, analog signal voltage, and temperature. Values shown are maximum (unless noted “Typ” = typical) at 25°C. 
SWITCH “ON” V: Digital Threshold to “CLOSE” a particular switch. (Minimum if greater than “OFF”. Maximum if less than “OFF”.) 
SWITCH “OFF” V: Digital Threshold to “OPEN” a particular switch. (Minimum if greater than “ON”. Maximum if less than “ON”.) 
VINL: Digital Threshold to represent a “Low” select signal. (Maximum, voltage levels greater than this value are not guaranteed to produce a “LOW’”.) 
VINH: Digital Threshold to represent a “HIGH” select signal. (Minimum, voltage levels less than this value are not guaranteed to produce a “HIGH”.) 


2. Package codes: 
DG Types - SUFFIX: 
A 10 Lead TO-100 
J Plastic DIP 
K CERDIP 
P SBDIP 
Y Plastic SOIC 
IH Types - Middle SUFFIX Letter: 
J CERDIP 
P Plastic DIP 
T TO-100 Can 
B SOIC 
HI Types - PREFIX: 
HI1 CERDIP 
Hi2 Metal Can 
HI3 Plastic DIP 
HI4 Ceramic LCC 
HI4P PLCC 
HI9P SOIC 


3. Temperature Code Suffix: 
-1: 0° to 200°C 
-2, A, or M: -55°C to 125°C 
-4 or B: -25°C to 85°C 


-5: 0°C to 75°C 
Ce 0°C to 70°C 
-7: 0°C to 75°C with Burn-in 
-8: -55°C to 125°C with Burn-in 
-9: -40°C to 85°C 
/883: MIL-STD-883, Class B, -55°C to 125°C with Burn-In 
D: -40°C to 85°C 
E: -40°C to 85°C with Extended Processing Flow 


I: Industrial, -25°C or -40°C to 85°C, see data sheet 
Double Throw switches have one switch ON and the other switch OFF for each input state. See data sheet. 


SWITCHES 
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SWITCH CONFIGURATIONS 


FIGURE 1. FSPST 


S; o—_0-6—_-0 D 
, 

So ooo D2 
; 

no> F 


FIGURE 5. SPDT 


S; ee D, 
i 
S2 o———_0-70-—-0 D2, 


S3 o_o 6 0 D; 


No > 


Cs 


FIGURE 2. DUAL SPST 


Ss; 00-60 D2, 
: 

S3 00,00 D; 
i 

n; o> « 

™: D> > 
i 

So Oren eee ed Y ———o D, 

S, o————o.'o——o D, 

FIGURE 6. DUAL SPDT 


FIGURE 3. QUAD SPST 


FIGURE 7. DPST 


SWITCH 
O—© DRAIN (OUT) 


IN 

DD } 

= ——— > 0 
S, o———_0-6-——_-0 D, 


FIGURE 8. DUAL DPST 


$s — 


(panunucd) apINE) UOIjIajaS 


[* 
D, fi ; Pe 


IN, fp —<j— IN2 


FIGURE 11. “T” SWITCH 


S, 000-0 D, 
a>: 


FIGURE 9. DPDT 


DRIVER 
TRANSLATOR = 


FIGURE 10. “T” SCHEMATIC 


g@rarrs DG200, DG201 


Complete Data Sheet available via web, Harris’ 
home page: http://www.semi.harris.com CMOS Dual/Quad 


August 1997 or via Harris AnswerFAX, see Section 17 SPST Analog Switches 


Features Description 


¢ Switches Greater than 28Vp.p Signals with +15V The DG200 and DG201 solid state analog gates are 
Supplies designed using an improved, high voltage CMOS monolithic 


Te technology. They provide ease-of-use and performance 
Break-Before-Make Switching (Typ) advantages not previously available from solid state 


switches. Destructive latch-up of solid state analog gates 
has been eliminated by Harris’ CMOS technology. 


TTL, DTL, CMOS, PMOS Compatible The DG200 and DG201 are completely specification and 
pinout compatible with the industry standard devices. 


Complete Monolithic Construction Orderi ng Information 


Applications czooaa | ste 128 _[ OP can|TH08 
¢ Sample and Hold Circuits /DG200BA |= -25to85 | 10 Pin Metal Can |T10.B | 
e Operational Amplifier Gain Switching Networks /DG200BK | -25to85 = 14Ld CERDIP. [F143 
czorcs | ow70 | sPor [evo 
DG200AA/883B T10.B 
DG200AK/883B | 8510125 | 14Ld CERDIP F14.3 
DG201AK | 8510125 | 16LACERDIP | F16.3 
| toes | 


Non-Latching with Supply Turn-Off 
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16 Ld CERDIP F16.3 
0 to 70 16 Ld PDIP 


Pinouts 


DG200 DG200 DG201 
(CERDIP, PDIP) (METAL CAN) (CERDIP, PDIP) 
TOP VIEW TOP VIEW TOP VIEW 


V+ 
(SUBSTRATE AND CASE) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


File Number 3115.2 
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Port DG201A, DG202 


August 1997 Quad SPST, CMOS Analog Switches 
Features Description 
e Input Signal Range .............ccceeeneees +15V The DG201A (normally open) and DG202 (normally closed) 
ie os 1(0).\) $175Q quad SPST analog switches are designed using Harris’ 44V 
¢ TTL, CMOS Compatible CMOS process. These bidirectional switches are latch-proof 


° Latch Proof and feature break-before-make switching. Designed to block 

signals up to 30Vp.p in the OFF state, the DG201A and 
¢ True Second Source DG202 offer the advantages of low ON resistance (<175), 
e Maximum Supply Ratings...............e0ee0: 44V_ wide input signal range (+15V) and provide both TTL and 
CMOS compatibility. 


The DG201A and DG202 are specification and pinout 
compatible with the industry standard devices. 


¢ Logic Inputs Accept Negative Voitages 
Ordering Information 


-eanr wuwaen {rance‘c)| exckace | ‘nor 
PART NUMBER | RANGE (°C) 

aeoiaak | sew 125 [leracenoP [ries 
DeeoiasK | 2si088 _|veracenoP _[Fi63_ 


Pinout Functional Block Diagrams 


DG201A, DG202 DG201A 
(CERDIP, PDIP, SOIC) 
TOP VIEW 


IN4¢ INzo 


16] IN2 
15} Dg 
14] So 


V+ (SUB- 
STRATE) 


2] NC IN3¢ 
WE 
10} Dg 
[9] INs 


INoc 


INe 


IN3¢ 


INgc INgc 


NOTES: 
1. Four SPST switches per package. 
2. Switches shown for logic “1” input. 


Logic “O” <0.8V, Logic “1” > 2.4V 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 31 1 7 1 
Copyright © Harris Corporation 1997 13-12 


DG201A, DG202 


Absolute Maximum Ratings Thermal Information 
MEU eneged waewow: ceuetasnesapeaennsasesascuenees 44V_ Thermal Resistance (Typical, Note 2) Oya (CCIW) Bjo (PCCW) 
We 16 GIOUNG 6: cans cccae cae eeeencseeeeabiedesaea nenes -25V CERDIP PacKad@ .. cacceceie saves 75 20 
Vin to Ground (Note 1).................008. (V- -2V), (V+ +2V) POP PACKSOG «occa vkvixccavawnaes 100 N/A 
Ve Of Vr 10 V+ (Note 1). ccc sc ccscccsewew sane vas +2, (V- -2V) SOIC Package...............008. 100 N/A 
Ve Or Vn OV (N68 Ti gee cvew sre exceeerwends -2,(V++2V) Maximum Junction Temperature 
Current, any Terminal ExceptSorD................000- 30mA EME POCKEOR ces vtencetewnasentes aeceiarae nee 175°C 
Continuous Current, SorD .......... 0. ccc e eee eens 20mA PDIP PACKAQC. .ccucccevecseeeeencruentusennex nen 150°C 
Peak Current, S or D (Pulsed at ims, 10% Duty Cycle Max)....70mA Maximum Storage Temperature Range 
CS cb andie eden dee ssvur ukkeaeeesavns -65°C to 125°C 
Amid G SU 6 occas 2s0Kendccesvedsacgenes -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Signals on Vs, Vp, Or Vin exceeding V+ or V- will be clamped by internal diodes. Limit forward diode current to maximum current ratings. 
2. 8ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications V+ = 15v, V- = -15V, GND = OV, Ta, = 25°C 


DG201AA/DG202A DG201AB, C/DG202B, C 


(NOTE 3) (NOTE 3) 
TYP TYP 


PARAMETER 
DYNAMIC CHARACTERISTICS 


Turn-On Time, ton See Figure 1 
Turn-Off Time, torr See Figure 1 
Charge Injection, Q C, = 1000pF, Rs = 0, Vg = OV 


Source OFF Capacitance, f = 140kHz, Vix = 5V, Vs = OV 
Cs(OFF) 

Drain OFF Capacitance, f = 140KHZz, Vinx = 5V, Vp = OV 
Cp(OFF) 

Channel ON Capacitance, f = 140kHz, Vin = 5V, Vs = Vp = OV 
Cp(on) + Cs(ONn) 
OFF Isolation, OIRR 


TEST CONDITIONS 


= 
a 
halt 
a j 
= 


70 


-0.0004 


-0.0004 


0.01 
oe 
_ om 
| ae _| 


Vin = 5V, 2, = 75Q, Vs = 2.0V, 
f = 100kHz 


-0.0004 


-0.0004 


Crosstalk (Channel to Channel), 
CCRR 


INPUT 


480 
370 
16 
70 


-1. 


oO 


Input Current with Voltage High, | Vin = 2.4V 
INH 


p 
p 
p 
p 
Vin = 15V vy 
m1 


“1. 


oO 


Input Current with Voltage Low, 
INL 


SWITCH 


Vin = OV 


S EUR ERGoo 


-1 


Analog Signal Range, Vanatoa 


Drain Source On Resistance, Vp = +10V, Vin = 0.8V (DG201A) 
DS(ON) Ig = IMA, Viy = 2.4V (DG202) 


Source OFF Leakage Current, | Vin=2.4V | Vg=14V, Vp =-14V 


Cc 

A 

A 

V 

nA 

IS(OFF (DG201A) 
( ) VIN = 0.8V Vs = -14V, Vp = 14V nA 
Drain OFF Leakage Current, | (9G202) | yo = -14V, Vp = 14V nA 
ID(OFF) 


— 
pw 
| 


Vg = 14V, Vp =-14V nA 
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DG201A, DG202 


Electrical Specifications V+ = 15V, V- = -15V, GND = OV, Ta = 25°C (Continued) 


PARAMETER 


Drain ON Leakage Current, Vin = 0.8V 
ID(ON) (Note 5) (DG201A) 


VIN = 2.4V 
(DG202) 


Negative Supply Current, |- 


Electrical Specifications V+ = 15V, V- = -15V, GND = OV, Ta Over Operating Temperature Range 


PARAMETER 


Input Current with Voltage High, 
liNH 


Input Current with Voltage Low, 
INL 


SWITCH 


Drain Source On Resistance, Vp =+10V, Vin = 0.8V (DG201A) 
DS(ON) Is = 1MA, Vin = 2.4V (DG202) 


Source OFF Leakage Current, Vs = 14V, Vp =-14V 
IS(OFF (DG201A) 
sOFF) Vin=0.8V. | VS =-14V, Vp = 14V 


DG202 
Drain OFF Leakage Current, ( Vs = -14V, Vp = 14V 


ID(OFF) 


Vg = 14V, Vp = -14V 


Drain ON Leakage Current, Vin=0.8V | Vp=Vs=14V 
ID(ON) (Note 5) (DG201A) 

Vin = 2.4V 

(DG202) 


NOTES: 
3. Typical values are for design aid only, not guaranteed and not subject to production testing. 
4. The algebraic convention whereby the most negative value is a minimum, and the most positive is a maximum, is used in this data sheet. 
5. ID(ON) is leakage from driver into ON switch. 
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DG201A, DG202 


Test Circuits and Waveforms 


LOGIC “0” = SWITCH ON 
LOGIC * 3y 


INPUT 
tp < 20ns 
ty < 20ns 


50% 


SWITCH 


INPUT Vs 


SWITCH 


output °Y 


tLogic shown for DG201A, invert for DG202. 


Ri 
Ri + 'ps(on) +15V 
D V+ 
SWITCH 
INPUT SWITCH 
OUTPUT 
Vg = +2V > Vo 
LOGIC 
INPUT 


(REPEAT TEST FOR 
; by. _INo, INg AND INg) 
ov -15V 


FIGURE 1. toy AND torr SWITCHING TEST CIRCUIT AND WAVEFORM 


NOTES: 
6. AVo = Measured voltage error due to charge injection. 
7. The error voltage in coulombs is AQ = C, x AVo. 


| AVo 


Vo 


INx 


ON ON 
OFF 


FIGURE 2. CHARGE INJECTION TEST CIRCUIT AND WAVEFORM 


SIGNAL 
GENERATOR 


D VIN 
ANALYZER 
CHAN A 


CHAN B 


-15V¢ 


C = 0.001pF //0.1p)F 


: Vos 
Chip Capacitors 


D 


OIRR = 20Log 


FIGURE 3. OFF ISOLATION TEST CIRCUIT 
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SIGNAL 
GENERATOR 


ANALYZER 


CHAN A 
CHAN B 


C = 0.001pF //0.1pF 


V 
Chip Capacitors S1 


D2 


CCRR = 20 Log 


FIGURE 4. CHANNEL TO CHANNEL CROSSTALK TEST CIRCUIT 


) 
Ww 
= 
O 
= 
= 
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BrarRs DG211, DG212 


August 1997 SPST 4-Channel Analog Switches 
Features Description 
e Switches +15V Analog Signals The DG211 and DG212 are low cost, CMOS monolithic, 


Quad SPST analog switches. These can be used in general 


¢ TTL Compatibility purpose switching applications for communications, 


e Logic Inputs Accept Negative Voltages instrumentation, process control and computer peripheral 
equipment. Both devices provide true bidirectional 
~ TAL HL PREAP SRSA ae eR Reh eae ee ae ee S1752 performance in the ON condition and will block signals to 


30Vp.p in the OFF condition. The DG211 and DG212 differ 
only in that the digital control logic is inverted, as shown in 
the truth table. 


Ordering Information 


enrrnumoen |raneeiey| excevce | or 
PART NUMBER | RANGE (°C) 


Pinout Functional Block Diagrams 
DG211, DG212 DG211 
(PDIP, SOIC) 
TOP VIEW 
IN ° 
16} IN2 
15] Da 
14] So med 
V+ (SUB- 
STRATE) 
12] Vi (+5V) 
11] S3 IN3C 
D3 
|9} INg 
INge 
NOTES: 
1. Four SPST switches per package. 
2. Switches shown for logic “1” input. 
Logic “0” <0.8V, Logic “1” > 2.4V 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 31 1 8 1 


Copyright © Harris Corporation 1997 
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DG211, DG212 


Schematic Diagram 
DG211 (1/4 AS SHOWN) 


4, [AL — | ae 
= 


TTL IN 


r15V 
V- 


” 
re 
= 
O 
= 
= 
” 


+15V 
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DG211, DG212 


Absolute Maximum Ratings 


ee hah wenden eee ee peer deeded bees ees ces ees? 44V 
Wid © GIOUNGs ccccteceeaten ese eesenanersaantscanres V-, V+ 
Wi POO ook beac nts etissnisaodnsennaveseses -0.3V, 25V 
VEO V5 0 Vis ciiacese ccna reese stueans estan enw ones 0, -36V 
VEG Waal wear san ev cbodsewererenrerersecwer ses 0, 36V 
We ORRIN coh cc cccse eva vecenecderer seasons e eee 25V 
MSO i vn ba ed weer nee eeesavaeceresineouerueees é -25V 
Current, any Terminal ExceptSorD ...............20048. 30mA 
Continuous Current, S or D 2... . es cenw recs vcenncaenta 20mA 


Peak Current, S or D (Pulsed at ims, 10% Duty Cycle Max)... .70mA 


Operating Conditions 
Temperature Range «i. iccicccvsscccsesseneaves 0°C to 70°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) Oya (CCW) 
PUN PROG ccico de voweevesdieenseraaeess 100 
BOIG PACKAGG. «.cc0c cscs etaseineenveserees 120 

Maximum Junction Temperature..................0008. 150°C 

Maximum Storage Temperature Range .......... -65°C to 125°C 

Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. @ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications V+ = +15V, V- = -15V, Vi = +5V, GND, Ta, = 25°C 


(NOTE 1) | (NOTE 2) 
PARAMETER TEST CONDITIONS MIN TYP UNITS 


DYNAMIC CHARACTERISTICS 


See Figure 1 


Vg = 10V, Ry = 1kQ, C, = 35pF 


Turn-Off Time, 
lorF1 


Vs = OV, Vin = 5V, f = 1MHz (Note 2) 
Vp = OV, Vin = 5V, f = 1MHz (Note 2) 
Vp = Vs = OV, Vin = OV, f = 1MHz (Note 2) 


Vin = 5V, Ry = 1kQ, Cy = 15pF, Vs = 1Vays, 


f = 100kHz (Note 2) 


Input Current with Voltage Low, lin 


SWITCH 


Analog Signal Range, VanaLoG V- =-15V, Vi = +5V 


Drain Source On Resistance, [ps(on) | Vp = +10V, Vin = 2.4V (DG212) 
Is = 1mMA, Vin = 0.8V (DG211) 


Vg = 14V, Vp =-14V 


Source OFF Leakage Current, | Vin = 2.4V (DG211) 
S(OFF) IN 


Vin = 0.8V (DG212) 


Vg = -14V, Vp = 14V 


Drain OFF Leakage Current, Ip(oFF) 


Vs = 14V, Vp = -14V 


Vs =-14V, Vp = 14V 


15 V 
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DG211, DG212 


Electrical Specifications V+ = +15V, V- = -15V, Vi. = +5V, GND, Ta = 25°C (Continued) 


(NOTE 1) | (NOTE 2) 
PARAMETER TEST CONDITIONS MIN TYP UNITS 


Drain ON Leakage Current, Ip(on) Vom vo = “05%. Vine GW (Omer pf ot [50 | oak 
(Note 3) Vin = 2.4V (DG212) 


POWER SUPPLY CHARACTERISTICS 


Vin = OV and 2.4V 


NOTES: 
1. The algebraic convention whereby the most negative value is a minimum, and the most positive is a maximum, is used in this data sheet. 
2. For design reference only, not 100% tested. 
3. ID(ON) is leakage from “i into ON switch. 


4. OFF Isolation = 2olog$ = .Vg = Input to OFF switch, Vj) = output. 


5. Switching times only aie 


” 
Wu 
=n 
O 
= 
Test Circuits and Waveforms = 
Switch output waveform shown for Vs = constant with logic 45V #15V 
input waveform as shown. Note the Vs may be + or - as per > VL > V+ 
switching time test circuit. Vo is the steady state output with SWITCH 
switch on. Feedthrough via gate capacitance may result in INPUT SWITCH 
oF OUTPUT 
spikes at leading and trailing edge of output waveform. Vg = 10V « fe » Vo 
LoGicy 
INPUT (IN) LOGIC 
t, < 20ns INPUT 
ts < 20ns 


(REPEAT TEST FOR 


SWITCH = = : a IN2, INg AND INg) 
INPUT 
SWITCH —_ Re 
OUTPUT (Vo) ae" Gh areca rT 


FIGURE 2. SWITCHING TIME TEST CIRCUIT 
+ Logic shown for DG211. Invert for DG212. 


FIGURE 1. SWITCHING TIME TEST WAVEFORMS 
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DG211, DG212 


Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 
2159um x 2235um Type: PSG/Nitride 
PSG Thickness: 7kA +1.4kA 
METALLIZATION: Nitride Thickness: 8kA +1.2kA 
Type: Al 


WORST CASE CURRENT DENSITY: 
9.1 x 104 A/em* 


Thickness: 10kA +1 kA 


Metallization Mask Layout 


DG211, DG212 


PIN 2 
D1 


PIN 14 
$2 


PIN 13 
V+ (SUBSTRATE) 


PIN 7 
D4 
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DG300A, DG30TA, 
DG302A, DG303A 


FARRIS 


SEMICONDUCTOR 


aD 


Complete Data Sheet available via web, Harris’ : ‘ 
home page: http:/Awww.semi.harris.com TTL Compatible, 
August 1997 or via Harris AnswerFAX, see Section 17 CMOS Analog Switches 


Features 
¢ Low Power Consumption 
e Break-Before-Make Switching (Typ) 


Description 

The DGS30O0A through DG303A family of monolithic CMOS 
switches are truly compatible second source of the original man- 
ufacturer. The switches are latch-proof and are designed to 


Ao | SLC eee Te eee ee Te Cee eee ee TT eee 130ns__ block signals up to 30Vp.p when OFF. Featuring low leakage 
Pe cantons eeansteeyenvnse ees ceneewans 150ns and low power consumption, these switches are ideally suited 
, ‘ for precision application in instrumentation, communication, 
Phy Mus SOMmpauns data acquisition and battery powered applications. Other key 
© LOWIDS(ON) - seer e rete tte t teeter eens $502 features include Break-Before-Make switching, TTL and CMOS 


¢ Single Supply Operation 
e True Second Source 


compatibility, and low ON resistance. Single supply operation 
(for positive switch voltages) is possible by connecting V- to OV. 


Ordering Information 


-rarrwuwaen [ranae‘c)| packace | nor 
PART NUMBER | RANGE (°C) 

[pascoaaK | -ss10125 [@LacERDP [Flas 
[DesceaaK | sew 125_[atacenoP [Fras 
DescsaaK | S510 128 [atacenor [Fras 
[pesorask | 251088 _[iatacenor [ras 
[Dasczask | 251085 _[reaceRDP [ries 
[DascsAsK | 251085 _[reaceROP [Fras 


Functional Diagrams and Pinouts 


TEMP. 
PART NUMBER | RANGE (°C) 


Pesoracy | _ow70_|iatapop [eves 
pasceacy | ow70 [rstarop [eras 
[pasnsaGy | 0w70 [iataPoP [eves 
[Dasooaaa | 8510125 [10 Pin Meta Gan [HOB 
[DascoAAKees6 | S510 125 [TeLaceRDP [Fras 
[DasorAaAeas6 | S510 125 [10 Pin Meta Gan [TIOB 
[Dasoraadesse | s5i0 125 [iataceRO [Fas 
[Dasceaaesss | ssi 125 [iatacEROP [ras 


DG300A DG300A (METAL CAN) DG300A (CERDIP, PDIP) 
TOP VIEW TOP VIEW 
Sic V+ (SUBSTRATE AND CASE) 
IN1 © 
IN2 
S2 © 


LOGIC SWITCH 


Logic “O” < 0.8V, Logic “1” => 4.0V; Two SPST switches per 
package (switches shown for Logic “1” input) 


) 
Ww 
a. 
O 
FE 
= 
n 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


File Number 3119.1 
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Forfa DG308A, DG309 


Complete Data Sheet available via web, Harris’ 


home page: http://Awww.semi.harris.com Quad Monolithic SPST, CMOS 
August 1997 or via Harris AnswerFAX, see Section 17 Analog Switches 


Features Description 


Low Power Consumption The DG308A and DG309 quad monolithic SPST, CMOS 
CMOS Compatible switches are latch proof and are designed to block signals up 
+15V Analog Signal Range to 30Vp.p when OFF. Featuring low ON resistance, low 


ingl | Capabili power consumption, and rail-to-rail analog signal range, 
a ia a atl these switches are ideally suited for high speed switching 


applications in communications, instrumentation and 
. . process control. The DG308A “normally-closed” and DG309 
Ordering Information “normally-open” switches have single and dual supply 


ay capability. The input thresholds are CMOS compatible. 
| aariaueea laeerint AeeAGe | eee | The DG308A and DG309 switches are available over 
commercial, and military temperature ranges. 
[DesoeaaKesse | S510 125 [1eLaceRDIP [FIGS 
[peaosak «| sto 125 [reLaceRDIP [FIea | 


DG309CY 16 Ld SOIC M16.15 
DG309AK/883B | -55 to 125 16 Ld CERDIP F16.3 


Alternate Source 


Pinout Functional Block Diagrams 


DG201A, DG202 
(CERDIP, PDIP, SOIC) 
TOP VIEW 


DG308A 


NOTES: TRUTH TABLE 
1. Four SPST switches per package. | Loaic [pa2o1a | DG202 | 
2. Switches shown for logic “1” input. 
ee ee 
a 


Logic “0” <0.8V, Logic “1” = 2.4V 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 31 20.1 
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DG401, DG403, 
DG405 


Monolithic CMOS Analog Switches 


FARRIS 


SEMICONDUCTOR 


Ht 


August 1997 


Features Description 
e ON-Resistance ............ <35Q The DG401, DG403 and DG405 monolithic CMOS analog switches have TTL 
and CMOS compatible digital inputs. 
e Low Power 
Consumption (Pp) ........-- <35uW These switches feature low analog ON resistance (<35Q) and fast switch time 


Fast Switching Action 

SIAN sscdesaneweeennaes <150ns 
© AGES ered w ac cineeneen wee <100ns 
Low Charge Injection 


DG401 Dual SPST; Same Pinout as 
HI-5041 


DG403 Dual SPDT; DG190, 1H5043, 
1H5151, HI-5051 


DG405 Dual DPST; DG184, HI-5045, 
1H5145 


TTL, CMOS Compatible 
Single or Split Supply Operation 


Applications 


DG403DY “40t085 | 16Ld SOIC M16.15 
¢ Sample and Hold Circuits DG403EJ (Note 1) “40 to85 | 16Ld PDIP E163 


Audio Switching 

Battery Operated Systems 
Data Acquisition 

Hi-Rel Systems 


Communication Systems 
Automatic Test Equipment 


(ton < 150ns). Low charge injection simplifies sample and hold applications. 
The improvements in the DG401/403/405 series are made possible by using a 
high voltage silicon-gate process. An epitaxial layer prevents the latch-up associ- 
ated with older CMOS technologies. The 44V maximum voltage range permits 
controlling 30Vp.p signals. Power supplies may be single-ended from +5V to 
+34V, or split from +5V to +17V. 

The analog switches are bilateral, equally matched for AC or bidirectional signals. 
The ON resistance variation with analog signals is quite low over a +15V analog 
input range. The three different devices provide the equivalent of two SPST 
(DG401), two SPDT (DG403) or two DPST (DG405) relay switch contacts with 
CMOS or TTL level activation. The pinout is similar, permitting a standard layout to 
be used, choosing the switch function as needed. 


Ordering Information 


TEMP. RANGE 
PART NUMBER (°C) 


DGAOTAKIGGS (Note ®) | S510 105 | 1eLaCERDIP|Fios 
[DG403AKI8BS__(Note2) | -85to 125 _|16LaCERDIP___[F163 


[DG405AK/68S__(Note2) | -s5t0125 |[16LdCERDIP ‘(F163 
[DG405EJ _(Notet) | -a0t085 |ieidPDIP —=«iE163 
NOTES: 

1. Extended Processing Flow. 

2. Refer to Military data sheet for complete specifications. 


Pinouts 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


DG401 (CERDIP, PDIP, SOIC) 
TOP VIEW 


NOTE: (NC) No Connection 


Copyright © Harris Corporation 1997 


DG403, DG405 (CERDIP, PDIP, SOIC) 
TOP VIEW 


NOTE: (NC) No Connection 


File Number 
13-23 


3284.5 
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DG401, DG403, DG405 


Functional Diagrams 
DG401 


DG405 


Si¢ Sic¢ 


S3 ¢ S3¢ 
INq ¢ IN1 ¢ 
INo ¢ INo ¢ 
So¢ Soe 


S4e S4c 


GND V- 


Schematic Diagram 


V+ 


GND ¢ E > DRAIN 
V- 


Truth Table 


SWITCH SWITCH 1, 2 SWITCH 3, 4 SWITCH 


EO 


NOTE: Logic “O” <0.8V. Logic “1” 22.4V. 
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DG401, DG403, DG405 


Absolute Maximum Ratings 


PER Veer eindwkae core awhed bodenk5 6 ceeenedannawe +44.0V 
le Ob ondeeeane cab eaten veened Beeee ee dee deen, 25V 
WileGtaekededuenerg iste nsene ane (GND - 0.3V) to (VC+) +0.3V 
Digital Inputs (Note 1), Vs, Vp..... (V-) -2V to (V+) + 2V or 30mA, 

Whichever Occurs First 
Continuous (Any Terminal) Current, (Note 1)............ +30mA 
Peak Current, S or D (NOG 1) on cia vkseriee nna d ens +100mA 


(Pulsed 1ms, 10% Duty Cycle) 
Operating Conditions 


Thermal Information 


Thermal Resistance (Typical, Note 2) Oya (CCIW) 8yc (PCW) 
90 


PDIP PACKAGE ...0scenneenneawenns N/A 

SOG POCKBOG 1s «ivavescusniwaoen 115 N/A 

CERDIP Package ................ 5 22 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Junction Temperature (Hermetic Package)....... 175°C 
Maximum Storage Temperature Range 

(Darid E Sufi) csc dren cavsevpenesunuceunvas -65°C to 125°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


Temperature (D and E Suffix)... 5............0.. -40°C to 85°C 
NGNBOG TAGNOE 6 ccvad eet ednen es eevesieeowe wae w ws +20V (Max) 
Temperature Flange ... 6 ccscascasceeseasaus -55°C to 125°C 
ING LOW VORRUG « .os ascreuwe cows atic bomen swan es 0.8V (Max) 
Input PION VONGOS «isc ess s ccc ciwda sew evaes coe ene 2.4V (Min) 
input Rise and Fall Time... ....2.s.ccseresenecencwerces 20ns 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Signals on Sx, Dx, or INx exceeding V+ or V- will be clamped by internal diodes. Limit forward diode current to maximum current ratings. 
2. 6ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Test Conditions: V+ = +15V, V- = -15V, Vin = 2.4V, 0.8V, V,_ = 5V (Note 3), 
Unless Otherwise Specified 


”) 
WW 
ae 
O 
= 
= 
n 


D SUFFIX -40°C TO 85°C 
(NOTE 4) 
TEMP | (NOTE5) | (NOTE6) | (NOTES) 
PARAMETER MIN TYP MAX | UNITS 
DYNAMIC CHARACTERISTICS 


TEST CONDITIONS 


Turn-ON Time, ton 


Ry, = 3002, C, = 35pF 


Turn-OFF Time, torr 


Break-Before-Make, Time Delay (DG403), tp | Ry = 300Q, C, = 35pF 


Charge Injection, Q C, = 10,000pF, VGen = OV, 
RGEN = 02 


Ry = 1002, Cy = 5pF, f = 1MHz 


Drain OFF Capacitance, Cp(orF) 
Channel ON Capacitance, Cp(on) + Cs(on) 


ANALOG SWITCH 


V+ = 13.5V, V- = -13.5V, 
Ig = $10MA, Vp = +10V 


OFF Isolation Reject Ratio, OIRR 


Crosstalk (Channel-to-Channel), CCRR 


7 


Source OFF Capacitance, Cg(oFF) 


aa 


Rom | 

| fet | = | | ito 
oe Te | 
on 1 2 
| oom | | | 
| oom f - | 2 | - 
| Foom J - | 2 | - | 
7 a ee ae 


39 


wT UT U ao] 


Tl 


Analog Signal Range, VanALOG 


Drain-Source ON Resistance, fps(on) 


V+ = 16.5V, V- =-16.5V, 
Is =-10MA, Vp = 5, 0, -5V 


Drain-Source ON Resistance, Atps(on) 


V+ = 16.5V, V- = -16.5 
Vp =+15.5V, Vs = $15.5V 


3 
> 


Switch OFF Leakage Current, Is(oFF) 


= 
> 


V+ = 16.5V, V- = -16.5V, 
Vp = +15.5V, Vg = £15.5V 


a 
> 


Switch OFF Leakage Current, Ip(oFF) 


3 
> 
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DG401, DG403, DG405 


Electrical Specifications Test Conditions: V+ = +15V, V- = -15V, Vin = 2.4V, 0.8V, V_ = 5V (Note 3) 
Unless Otherwise Specified (Continued) 


D SUFFIX | DSUFFIX-40°C TO 85°C TO 85°C 
(NOTE 4) 
TEMP (NOTE 5) oe 6) | (NOTES) 
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 
Channel ON Leakage Current, Ip(oNn) V+ = +16.5V, Vp = Vg = £15.5V 


DIGITAL CONTROL 


Input Current with Vijy Low, Ii Vin Under Test = 0.8V, 


All Others = 2.4V 


Input Current with Vij High, ly 


Vin Under Test = 2.4V, 
All Others = 0.8V 
POWER SUPPLIES 


Positive Supply Current, I+ V+ = 16.5V, V- = -16.5V, 


Vin = OV or 5V 
Negative Supply Current, I- 


Logic Supply Current, I 


Ground Current, IGnp 


NOTES: 


3. Vin = input voltage to perform proper function. 


4. Hot = as determined by the operating temperature suffix. 


5. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet 
6. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing 


Typical Performance Curves 


ton: torr (ns) 


0 2 4 6 8 10 12 14 #416 


0 2 4 6 8 10 12 #14 #416 418 20 
Vi (V) 


POSITIVE/NEGATIVE SUPPLIES (+V) 
FIGURE 1. INPUT SWITCHING THRESHOLD vs LOGIC FIGURE 2. INPUT SWITCHING THRESHOLD vs 
SUPPLY VOLTAGE POWER SUPPLY VOLTAGE 
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LOSS (dB) 


DG401, DG403, DG405 


Typical Performance Curves (Continued) 


a Vt= 6V, V- =-6V 
V+ = 10V, V- =-10V 
V+ = 22V, V- = -22V 


'ps(ON) (2) 


g 
2 
S 
8 


Vp (V) Vp (V) 


SWITCHES 


FDS(ON) (22) 


Vp (V) 


ae 100.0 
V- =-15V 
-0.5 10.0  V_ =5V 
Vp = +14V 
_ 1.0 
-1.0 < 
f 0.1 
fe) 
1.5 = 7) 
V+ = 15V, V- =-15V 0.01 
VL = 5V, Vs = 1Vrams 
-2.0 F SEE INSERTION LOSS TEST SETUP 0.001 
0.0001 
10K 100K 1M 10M 55 -35 -15 5 2 45 65 85 105 125 
FREQUENCY (Hz) 


TEMPERATURE (°C) 
FIGURE 7. INSERTION LOSS vs FREQUENCY 


FIGURE 8. Is(orrF) Vs TEMPERATURE 
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DG401, DG403, DG405 


Typical Performance Curves (continued) 


ID(OFF) (NA) 
ID(ON) + !s(on) (nA) 


65 
TEMPERATURE (°C) 


85 105 125 


FIGURE 9. Ip(orF) Vs TEMPERATURE 


WHEN Vana_oc EXCEEDS POWER 
SUPPLY SWITCH, SUBSTRATE 


5 
TEMPERATURE (°C) 


FIGURE 10. Ip(on) + Is(on) V8 TEMPERATURE 


65 85 105 125 


DIODES BEGIN TO CONDUCT 
| | 2 
= E 
< : 
& = 0.1 
2 ° 
D a 
= oor py 4 
V+ = 15V, V- =-15V I 
Vi = 5V, Ta = 25°C 0.001 TT 
IS(OFF)» Vp = OV 0.0001 
-55 a i “15 65 105 125 
Teen cE (°C) 
FIGURE 12. SUPPLY CURRENT vs TEMPERATURE 
oe a a 
Tf NL fT 
oe ee NN 
@ 25 
S et | | MINK | 
; Si 7. | ee NC 
CAPACITIVE FEEDTHROUGH 3 15 \' 


BREAK-BEFORE-MAKE TIME (ns) 
FIGURE 13. BREAK-BEFORE-MAKE vs ANALOG VOLTAGE 
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a oe 
poe 


SEE BBM TEST SETUP 


10 15 20 
POSITIVE/NEGATIVE SUPPLIES(V) 


—_ 


25 


FIGURE 14. BREAK-BEFORE-MAKE vs POWER 


SUPPLY VOLTAGE 


DG401, DG403, DG405 


Typical Performance Curves (Continued) 


ton, torr (ns) 


0 1 2 3 4 5 6 
Vin (V) 
FIGURE 15. SWITCHING TIME vs INPUT LOGIC VOLTAGE (Vin) 
(NOTE 1) 


ton, torr (ns) 


al 


ton: torr (ns) 


| 
torr, Vs =-10V 


TEMPERATURE (°C) 
FIGURE 19. SWITCHING TIME vs TEMPERATURE (NOTE 1) 


V+ = 15V 
V- = -15V 


ton, torr (ns) 


“55 -35 -15 5 25 45 65 85 
TEMPERATURE (°C) 


FIGURE 16. SWITCHING TIME vs TEMPERATURE (NOTE 1) 


V+=15V 
V- = -15V 


rm 
& 
i 
2 
z 
2 
Vin (V) 
FIGURE 18. SWITCHING TIME vs INPUT LOGIC VOLTAGE (Vin) 


(NOTE 1) 


ton, torr (ns) 


POSITIVE/NEGATIVE SUPPLIES (V) 


FIGURE 20. SWITCHING TIME vs POWER SUPPLY VOLTAGE 
(NOTE 1) 
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DG401, DG403, DG405 
Typical Performance Curves (Continued) 


270 


ton, torr (ns) 
a 
ton, torr (ns) 


POSITIVE SUPPLIES (V) POSITIVE SUPPLIES (V) 


FIGURE 21. SWITCHING TIME vs POSITIVE SUPPLY VOLTAGE FIGURE 22. SWITCHING TIME vs POSITIVE SUPPLY VOLTAGE 
(NOTE 1) (NOTE 1) 


ton, torr (ns) 
ton» torr (ns) 


SF 
ES _— “43 


5 10 15 20 25 
POSITIVE SUPPLIES (V) POSITIVE SUPPLIES (V) 
FIGURE 23. SWITCHING TIME vs POSITIVE SUPPLY VOLTAGE _— FIGURE 24. SWITCHING TIME vs POSITIVE SUPPLY VOLTAGE 
(NOTE 1) (NOTE 1) 


NOTE: 


1. Refer to Figure 1 for test conditions. 
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Test Circuits and Waveforms 
R, = 3000 


5V +15V 


tr < 20ns 
ty < 20ns 


3V 


LOGIC 
INPUT - Vo 
SWITCH , ¢ 
INPUT 
SWITCH Vv 
INPUT °“S R c 
LOGIC L | . 
' INPUT 
SWITCH 
OUTPUT oy — 
OV -15V 
SWITCH 
alia | Vs Repeat test for IN> and So. 
( ) For load conditions, see Specifications. C, (includes fixture 
NOTES: and stray capacitance). 
1. Logic input waveform is inverted for switches that have the Yo = ¥ ‘il 
opposite logic sense. " SR, + 'DS(ON) 
2. Vs = 10V for ton, Vs = -10V for torr. 
FIGURE 25A. FIGURE 25B. 
FIGURE 25. SWITCHING TIME 
Y) 
Lu 
= 
O 
E 
en = 
LOGIC 
INPUT 50% a 


OV -15V 


C,_ (includes fixture and stray capacitance). 


FIGURE 26A. FIGURE 26B. 
FIGURE 26. BREAK-BEFORE-MAKE 


5V +15V 
AVo 
Vo 
INx 

ON OFF ON 

Q=AVo x CL 
OV -15V 

FIGURE 27A. FIGURE 27B. 


FIGURE 27. CHARGE INJECTION 
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Test Circuits and Waveforms (continued) 


» +15V +5V ¢ 
ae 


SIGNAL 
GENERATOR 


OV, 2.4V 


-15V¢ 


FIGURE 28. OFF ISOLATION 


9+15V +5V ¢ 


SIGNAL 
GENERATOR 


OV, 2.4V 


FIGURE 30. CROSSTALK 


5» +15V +5V ¢ 


SIGNAL 
GENERATOR 


IMPEDANCE 
ANALYZER 


-15V © 


FIGURE 31. CAPACITANCES 


Dual Slope Integrators 


The DG403 is well suited to configure a selectable slope 
integrator. One control signal selects the timing capacitor C, 
or Co. Another one selects e;x or discharges the capacitor in 
preparation for the next integration cycle. 


> GouT 
Cin 


INTEGRATE/ 
RESET i 


L> 


SCOPE 
SELECT 


FIGURE 32. DUAL SLOPE INTEGRATOR 


Peak Detector 


A3 acting as a comparator provides the logic drive for 
operating SW. the output of Ao is fed back to Az and com- 
pared to the analog input ejy. If ey > EeQUT the output of Ag 
is high keeping SW, closed. This allows C; to charge up to 
the analog input voltage. When ej, goes below eout of Ag 
goes negative, turning SW, off. the system will therefore 
store the most positive analog input experienced. 


FIGURE 33. POSITIVE PEAK DETECTOR 
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DG411, DG412 
Ss , 
Go HARRIS DG413 


Monolithic Quad SPST, 


Augusi 1997 CMOS Analog Switches 
Features Description 
© ON-Resistance. ......ccecceccecccccce <35Q Max he DG411 series monolithic CMOS analog switches are 
; drop-in replacements for the popular DG211 and DG212 
¢ Low Power Consumption (Pp) ...........+.++. <35uUW series devices. They include four independent single pole 
¢ Fast Switching Action throw (SPST) analog switches, and TTL and CMOS 
t <175ns compatible digital inputs. 
; ai anh ieee akan <145ns These switches feature lower analog ON resistance (<35Q) 


and faster switch time (toy < 175ns) compared to the 
¢ Low Charge Injection DG211 or DG212. Charge injection has been reduced, 
» Upgrade from DG211/DG212 eanipiiying sample and hold appacatons. | 
The improvements in the DG411 series are made possible 
¢ TTL, CMOS Compatible by using a high voltage silicon-gate process. An epitaxial 
: layer prevents the latch-up associated with older CMOS 
Single or Split Supply Operation 
9 P ppy~e technologies. The 44V maximum voltage range permits 
controlling 40Vp.p signals. Power supplies may be 
single-ended from +5V to +34V, or split from +5V to +20V. 


e Audio Switching The four switches are bilateral, equally matched for AC or 
bidirectional signals. The ON resistance variation with 
analog signals is quite low over a 15V analog input ange. 
e Data Acquisition The switches in the DG411 and DG412 are identical, 
differing only in the polarity of the selection logic. Two of the 
switches in the DG413 (#1 and #4) use the logic of the 
¢ Sample and Hold Circuits DG211 and DG411 (i.e., a logic “O” turns the switch ON) 
and the other two switches use DG212 and DG412 positive 
logic. This permits independent control of turn-on and turn- 
Automatic Test Equipment off times for SPDT configurations, permitting “break-before- 
make” or “make-before-break” operation with a minimum of 
external logic. 


Applications 


¢ Battery Operated Systems 


” 
WW 
a 
O 
= 
= 
7) 


e Hi-Rel Systems 


¢ Communication Systems 


Pinout Ordering Information 


[PART NUMBER | TEMP. RANGE(°C)| PACKAGE | _PKGNO. 
DasiiaKess | soto 125 [teracenop [Fes 
Dasrioy | a0wes __[retapop ees 
[pGeiies Wow) | #0v0es [rerapo ewes 
paeiany | owes _[ieiarop [ewes 
[pasi2es Wow) | a0v085 [retapo ewes 
[Dasi2EY (Note) | a01085 _[rerasore [mies 
pasiaoy | __s0wes _[retapo eves 

Mie 

ees 


DG411, DG412, DG413 
(CERDIP, PDIP, SOIC) 
TOP VIEW 


-40 to 85 16 Ld SOIC 


NOTE: Extended Processing Flow 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3282.4 
Copyright © Harris Corporation 1997 13-33 


DG411, DG412, DG413 


Functional Diagr a@amsS __ Four SPST Switches per Package Switches Shown for Logic “1” Input 


Typical Schematic Diagram 


VLe 


INy © 


DG411 

Sj 
IN4 

Dy 

S2 
IN2 

D2 

S3 
INg 

D3 

S4 
INg 

D4 


DG412 


S; 
INy 

D; 

S2 
IN2 

D2 

S3 
INg 

D3 

S4 
INg 

D4 


(Typical Channel) 


DG413 


IN ¢ 


IN2 


IN3 ¢ 


INg@ 


—> had 
V- 
V+ 

ie 
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DG411, DG412, DG413 


Absolute Maximum Ratings Thermal Information 
Mg WIA, co ck nnaced ce cakudeo bene Cancdguancatadwate: 44V ‘Thermal Resistance (Typical, Note 2) Bya (CCIW) By (CC/W) 
ONTO Via dcccacevas caseecaw eres eNent vaseneeeoay as 25V PDIP PACKGGG cx csnwxscvcanwneans 100 N/A 
Wh cas doe kanes eae Sa ee baSSrGnd Sees (GND -0.3V) to (V+) +0.3V SOIC Package...............0-8. 115 N/A 
Digital Inputs, Vs, Vp (Note 1)..... (V-) -2V to (V+) + 2V or 30mA, GEAULIE PACKAGS ssskceereancueian 75 20 
Whichever Occurs First | Maximum Junction Temperature (Plastic Packages)........ 150°C 
Continuous Current (Any Terminal) .................006- 30mA Maximum Junction Temperature (Ceramic Package) ....... 175°C 
Current, S or D (Pulsed 1ms, 10% Duty Cycle)........... 100mA Maximum Storage Temperature Range .......... -65°C to 125°C 
‘ — Maximum Lead Temperature (Soldering 10s)............. 300°C 
Operating Conditions (SOIC - Lead Tips Only) 
Operating Voltage Range................00 eee +20V (Max) 
Operating Temperature Range.................. -40°C to 85°C 
input LOW VONAGS occ ccsevsievae seve eeeas inane 0.8V (Max) 
i FUT) VONEOG onc cin eee ke weer geek a6 a sre wons 2.4V (Min) 
Input Rise and Fall T0MO.. 02... cseccsvinssnavascwue sn <20ns 
Operating Temperature 
(i) er ee ee -40°C to 85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. Signals on Sx, Dx, or INx exceeding V+ or V- will be clamped by internal diodes. Limit forward diode current to maximum current ratings. 
2. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Test Conditions: V+ = +15V, V- = -15V, V,_ = 5V, Vin = 2.4V, 0.8V (Note 3), 


Unless Otherwise Specified 
D SUFFIX -40°C TO 85°C 


(NOTE 5) | (NOTE 6) | (NOTE 5) 
MIN TYP MAX UNITS 


(NOTE 4) 
TEMP 
PARAMETER TEST CONDITIONS (°C) 


DYNAMIC CHARACTERISTICS 
Turn-ON Time, ton 


R, = 3002, C, = 35pF, 
Vs =+10V, (See Figure 7) 


Turn-OFF Time, torr 


Break-Before-Make Time Delay 


DG413 Only, Ry = 3002, 
Cy = 35pF 


Charge Injection, Q C, = 10nF, Vg = OV, Rg = 0 


Ri = 50Q, C, = 5pF, f = 1MHz 


OFF Isolation 


Crosstalk 
(Channel-to-Channel) 


Source OFF Capacitance, Cs(joFr) | f= 1MHz ee ee ee eee 
Drain OFF Capacitance, Cp(orr | 2 

Channel ON Capacitance, . = 

Cp(on) + CS(ON 


DIGITAL CONTROL 


Input Current Vij Low, lip Vin Under Test = 0.8V 
Input Current Viq High, IH Vin Under Test = 2.4V 


ANALOG SWITCH 


Analog Signal Range, VanaLoG Is = #10MA -15 


Drain-Source ON Resistance, Is =-10MA, Vp = +8.5V, 
DS(ON) V+ = 13.5V, V- = -13.5V 


a 
I 
V- = -16.5V Vs = $15.5V | Full =f 5 
[025 
ss 
[04 
10 


ie) 

oa 
nom me) 
fs 


- 


oi 


+ _ 


Switch OFF Leakage Current, 
IS(OFF) 


Switch OFF Leakage Current, 
ID(OFF) 


(oe) 


it + 
(2) 
= = 


3 
> 


+ 
=! 
> 


Vp = +15.5V 
Vg = ¥15.5V 
Vs = Vp = £15.5V | | 
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Channel ON Leakage Current, 
ID(ON) + IS(ON) 
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DG411, DG412, DG413 


Electrical Specifications Test Conditions: V+ = +15V, V- = -15V, V,_ = 5V, Vin = 2.4V, 0.8V (Note 3), 
Unless Otherwise Specified (Continued) 


0° ° 
(NOTE 4) D SUFFIX -40°C TO 85°C a 


TEMP (NOTE 5) | (NOTE6) | (NOTE 5) 
PARAMETER TEST CONDITIONS MIN TYP MAX 


POWER SUPPLY CHARACTERISTICS 


Positive Supply Current, |+ V+ = 16.5V, V- = -16.5V 
Vin = OV or 5V 


Negative Supply Current, |- 


Logic Supply Current, I 


Ground Current, Ignp 


Electrical Specifications (Unipolar Supplies) Test Conditions: V+ = +12V, V- = OV, VL = 5V, Vin = 2.4Y, 0.8V (Note 3), 
Unless Otherwise Specified 


D SUFFIX -40°C TO 85°C 


(NOTE 4) 
TEMP (NOTE 5) | (NOTE 6) | (NOTE 5) 
PARAMETER TEST CONDITIONS (°C) MIN TYP MAX 


DYNAMIC CHARACTERISTICS 


ee 


Break-Before-Make Time Delay DG413 Only, Ry = 300Q, 
C, = 35pF, Vs = 8V 

Charge Injection, Q C, = 10nF, Vg = 6.0V, pC 
Rg = 02 


ANALOG SWITCH 


[Analog Signal Range,Venwos_[ SSCS] dT SC dT OT 

Drain-Source ON Resistance, Ig =-10mA, Vp = 3V, 8V a ee ee ee ee 

— —_ Ce a ee ee 

POWER SUPPLY CHARACTERISTICS 

Poe Sippy Oren vvateavaoy To TT ome TTA 

ee 
a a ce a 


a 
ee ee 


oe 
| Hot | 


NOTES: 
3. Vin = input voltage to perform proper function. 
4. Hot = as determined by the operating temperature suffix. 
5. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet. 
6. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing. 
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Typical Performance Curves 


50 
45 


'ps(on) (2) 
& & 
N 

ton; torr (ns) 


5 
0 0 
2 5 0 5 10 15 20 $5 -35 -15 5 25 45 65 85 105 125 
DRAIN VOLTAGE (V) TEMPERATURE (°C) 
FIGURE 1. ON-RESISTANCE vs Vp AND POWER SUPPLY FIGURE 2. SWITCHING TIME vs TEMPERATURE 


VOLTAGE 


SWITCHES 


Is, Ip (PA) 


10 100 1K 10K 100K 1M 10M 
DRAIN OR SOURCE sora FREQUENCY (Hz) 
FIGURE 3. LEAKAGE CURRENT vs ANALOG VOLTAGE FIGURE 4. SUPPLY CURRENT vs INPUT SWITCHING 
FREQUENCY 


Q (pC) 
Q (pC) 


SOURCE VOLTAGE (V) DRAIN VOLTAGE (V) 
FIGURE 5. CHARGE INJECTION vs ANALOG VOLTAGE (Vp) FIGURE 6. CHARGE INJECTION vs ANALOG VOLTAGE (Vs) 
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DG411, DG412, DG413 


Pin Descriptions TRUTH TABLE 


| PIN | SYMBOL DESCRIPTION | DGatt 
LOGIC 


1 Logic Control for Switch 1. 
{fra ET SS Se SWITCH | SWITCH 
2 [_0y [rain (Output) Terminal for Switch ewiret Veowiten | ce 1 es 
ew | oe | 
ae 


Ca -[ ¥.—[Regatve Power Supply Teminal. 
Ground Terminal (Logic Common). 

| 6 | Sq | Source (Input) Terminal for Switch 4. 

C7] rain OutpuyTerminl for Swich 4 
Ta] Whe [Rosie Control tor Swich 
a 
To [05 [rain Guipuy Terminal or Swen 


Test Circuits and Waveforms 


Vo is the steady state output with the switch on. Feedthrough via switch capacitance may result in spikes at the leading and 
trailing edge of the output waveform. 


3V t, < 20ns 5 +5V » +15V 
LOGIC t¢ < 20ns SWITCH 
INPUT gunren OUTPUT 
INpuT °° mo 
SWITCH Vs 
INPUT 
U LOGIC 
0.9 Vo INPUT 
SWITCH & 
OUTPUT oy = = -15V — = 
~| to Repeat test for all IN and S. 
" For load conditions, see Specifications C,_ (includes fixture and 
NOTE: Logic input waveform is inverted for switches that have stray capacitance). Ry 
the opposite logic sense. Vo 


= V.——- 
= A+ 'DS(ON) 


FIGURE 7A. FIGURE 7B. 
FIGURE 7. SWITCHING TIME 


INPUT Vs1 =10V ¢ 


3V 9 +5V 9 +15V 
50% 
R 


0.9 Vo 


Includes fixture and 
= = . stray capacitance. 


FIGURE 8A. FIGURE 8B. 
FIGURE 8. BREAK-BEFORE-MAKE 
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DG411, DG412, DG413 


Test Circuits and Waveforms (continued) 


AVo 
OV 
INx 
OFF ON OFF 
OFF oh OFF 
INy Q=AVo x C. 


NOTE: INx dependent on switch configuration input polarity 
determined by sense of switch. 


FIGURE 9A. FIGURE 9B. 
FIGURE 9. CHARGE INJECTION 


6 +15V 


~Y 
Lu 
iad 
O 
= 
= 
+15V Tr 


SIGNAL 
GENERATOR 0dBm 


Cc 
o: 
SIGNAL = 


GENERATOR 0dBm 


OV, 2.4V 


FIGURE 10. CROSSTALK FIGURE 11. OFF ISOLATION 


IMPEDANCE 
ANALYZER 


al 


FIGURE 12. SOURCE/DRAIN CAPACITANCES 
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Typical Applications 
Single Supply Operation 


The DG411, DG412, DG413 can be operated with unipolar 
supplies from 5V to 44V. These devices are characterized 
and tested for unipolar supply operation at 12V to facilitate 
the majority of applications. To function properly, 12V are 
tied to Pin 13 and OV are tied to Pin 4. 


NOTE: Pin 12 still requires 5V for TTL compatible switching. 


VINi ¢ 


ViIN2 @ 


Summing Amplifier 


When driving a high impedance, high capacitance load such 
as shown in Figure 9, where the inputs to the summing 
amplifier have some noise filtering, it is necessary to have 
shunt switches for rapid discharge of the filter capacitor, thus 
preventing offsets from occurring at the output. 


> VouT 


FIGURE 13. SUMMING AMPLIFIER 
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Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 
2760um x 1780um x 485m +25um Type: Nitride 
Thickness: 8kA +1kA 
METALLIZATION: 
Type: SiAl WORST CASE CURRENT DENSITY: 
Thickness: 12kA +1 kA 1.5 x 10° A/em* 


Metallization Mask Layout 
DG411, DG412, DG413 


D, IN4 IN2 
(2) (1) (16) 
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HARRIS DG441, DG442 


Monolithic, Quad SPST, CMOS 
August 1997 Analog Switches 


Features Description 


ON-Resistance (Max) The DG441 and DG442 monolithic CMOS analog switches are drop-in replace- 
Low Power Consumption ments for the popular DG201A and DG202 series devices. They include four 
(Pp <1.6mW) independent single pole single throw (SPST) analog switches, TTL and CMOS 


; compatible digital inputs, and a voltage reference for logic thresholds. 
Fast Switching Action 
These switches feature lower analog ON resistance (<85Q) and faster switch 


time (ton < 250ns) compared to the DG201A and DG202. Charge injection has 
been reduced, simplifying sample and hold applications. 


Low Charge Injection The improvements in the DG441 series are made possible by using a high volt- 


Upgrade from DG201A/DG202 age silicon-gate process. An epitaxial layer prevents the latch-up associated with 

; older CMOS technologies. The 44V maximum voltage range permits controlling 
iid Seancmiiagia aaa 40Vp-p signals. Power supplies may be single-ended from +5V to +34V, or split 
Single or Split Supply Operation from +5V to +20V. 


. ' The four switches are bilateral, equally matched for AC or bidirectional signals. 
Applications The ON resistance variation with analog signals is quite low over a +5V analog 

Audio Switching input range. The switches in the DG441 and DG442 are identical, differing only 
in the polarity of the selection logic. 


Battery Operated Systems . . 
Ordering Information 


Data Acquisition 


ete PARTNUMBER | TEMP. RANGE (°C) | _PACKAGE | _PKG.NO._| 
Peery eee DG441AK/683 (Note 2) | soto l25 | 16LdCERDIP | Fi6s 

Sample and Hold Circuits DG441DJ -40 to 85 16 Ld PDIP fEI6S CS 
Communication Systems DG441DY -40 to 85 16 Ld SOIC /M16.15 

| | DGdaiEd (Note 1) T6Ld PDIP 
Automatic Test Equipment 

. nr DG441EY (Note 1) -40 to 85 16 Ld SOIC M16.15 

F16. 


DG442AKT6BS (Note 2) | __-s5toies | ieldceRDIP |Fies | 
DG4420) [401085 —iieldPoP —«ifeios SCs 
DGaaoDY [401085 —~[ieLdSoic «| MiBio | 
DG4a2EI (Notet) | -40toes  [ieldpo [eles | 
DG4a2EY (Notet) | 40108 [ieldSole|Mieis | 
NOTES: 


1. Extended Processing Flow 
2. Refer to military data sheets for complete specifications. 


Pinout Functional Diagrams 
DG441, DG442 DG441 


(PDIP, CERDIP, SOIC) 
TOP VIEW 


INg 


SWITCHES SHOWN FOR LOGIC “1” INPUT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3281 4 
Copyright © Harris Corporation 1997 13-42 


Schematic Diagram (One Channel) 


V+ Pere wrnw kg kX gg = % 
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INx 
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I 
| 
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| 
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GND 1 
ee a 
1 PER DIE COMMON TO 
EVERY CHANNEL 
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DG441, DG442 


Absolute Maximum Ratings 


Thermal Information 


ok a or re ee +44.0V Thermal Resistance (Typical, Note 2) Oya (CCIW) 8jo (CCW) 
eS oi nd 64 02-666 bee ed oberon oes 6 Otek Chou OES 25V POF POGRGOG 10d apes shee enends 100 N/A 
Digital Inputs (Note 1)............ (V-) -2V to (V+) + 2V or 30mA, DOUs PACKAOG «cc picasscaeraasns 115 N/A 
Whichever Occurs First GEROIP PRCKEOO 26 nas sent wean ene 75 22 
Continuous Current, S or D (Note 1) ...............0.. +30mA Maximum Junction Temperature (Ceramic Package)......... 175°C 
Peak Current, SorD (Note 1) ...ccsawviesnaveossens +100mA Maximum Junction Temperature (Plastic Packages) ....... 150°C 
(Pulsed 1ms, 10% Duty Cycle) Maximum Storage Temperature Range .......... -65°C to 150°C 
‘ vas Maximum Lead Temperature (Soldering 10s)............. 300°C 
Operating Conditions (SOIC - Lead Tips Only) 
Temperature Range (D Suffix) .................. -40°C to 85°C 
Vonage AGNGS sicsciccccaseedeataeerewsen nana +20V (Max) 
Temperature Range .............00cc cece eee -55°C to 125°C 
Input LOW VONAQ6..<sccaccevssesscase vee ena edonws 0.8V (Max) 
WAPAR FG VOUEOS. «ca cnp deeb edenereesedeeaexawes 2.4V (Min) 
Input RSG Ghd FON Tis ccd ecssd evens oeneune and weees <20ns 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Signals on SX, DX or INX exceeding V+ or V- will be clamped by internal diodes. Limit forward diode current to maximum current ratings. 
2. 8a is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications (Dual Supply) Test Conditions: V+ = +15V, V- = -15V, Vin = 2.4V, 0.8V, Vanacoc = Vs; Vp, 


Unless Otherwise Specified 


D SUFFIX 
-40°C TO 85°C 
(NOTE 4) 
TYP UNITS 


(NOTE 3) 
TEMP 
(°C) 


PARAMETER TEST CONDITIONS 


DYNAMIC CHARACTERISTICS 


Turn-ON Time, ton Ry = 1kQ, OC, = 35pF, Vs =+10V, 


See Figure 18 


_ 
Oo 


Turn-OFF Time, torr 
DG441 


—_ 


Cy = 1nF, Vs = OV, VGen = OV, Regen = 02 
R, = 502, C, = 5pF, f = 1MHz 

Crosstalk (Channel-to-Channel) R, = 502, C, = 5pF, f = 1MHz 25 

25 


ao] 
O 


Source OFF Capacitance, Cg(orry | f = 1MHz 


Channel ON Capacitance, Cp(on) 
+ Cson) 


ANALOG SWITCH 


nome mo) 
ry 7 


VANALOG = 0 


Is = £10MA, Vp = +8.5V, V+ = 13.5V, 
V- = -13.5V 


T 
ml 


Analog Signal Range, 
VANALOG 


Full 


Drain-Source ON 
Resistance, rps(on) 


_ 
ol 


Switch OFF Leakage 
Current, Is(oFF) 


V+ = 16.5V, V- = -16.5V, Vp = +15.5V, 
Vs = ¥15.5V 


Switch OFF Leakage 
Current, ID(OFF) 


V+ = 16.5V, V- = -16.5V, Vp = +15.5V, 
Vg = F15.5V 


fe) 
> 


=] 


b= | 
> 
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DG441, DG442 


Electrical Specifications 
Unless Otherwise Specified (Continued) 


(NOTE 3) 
TEMP 


PARAMETER TEST CONDITIONS (°C) 


V+ = 16.5V, V- = -16.5V, 
Vg = Vp = +15.5V 


Channel ON Leakage Current, 
ID(ON) + !S(ON) 


DIGITAL CONTROL 


Vin Under Test = 0.8V, All Others = 2.4V Full 
Vin Under Test = 2.4V, All Others = 0.8V Full 


Input Current Vin Low, lit 
Input Current Viny High, ly 
POWER SUPPLIES 
Positive Supply Current, I+ 


Negative Supply Current, |- 


Ground Current, IGnp 


Electrical Specifications 


(NOTE 3) 
TEMP 


PARAMETER TEST CONDITIONS 


DYNAMIC CHARACTERISTICS 


Turn-ON Time, ton Ry = 1kQ, C, = 35pF, See Test Circuit, 


Vs = 8V 
Turn-OFF Time, torr 
Charge Injection, Q 


ANALOG SWITCH 


Analog Signal Range, 
VANALOG 


Drain-Source ON-Resistance, 
'DS(ON) 


Is = 10mA, Vp = 3V, 8V 
V+ = 10.8V 


POWER SUPPLIES 


Positive Supply Current, I+ V+= 13.2V, V- = OV, 
Vin = OV or 5V 


Negative Supply Current, I- 


Ground Current, Ignp 


NOTES: 


3. Room: 25°C. Cold: D suffix -40°C. Hot: D suffix 85°C. 
4. Typical values are for DESIGN AID ONLY, not guaranteed nor production tested. 
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(Dual Supply) Test Conditions: V+ = +15V, V- = -15V, Vin = 2.4V, 0.8V, VanaLoG = Vs, Vp, 


D SUFFIX 
-40°C TO 85°C 


(NOTE 4) 
TYP UNITS 
' nA 


we 


Pb pl 


(Single Supply) Test Conditions: V+ = 12V, V- = OV, Vin = 2.4V, 0.8V, Unless Otherwise Specified 


D SUFFIX 
-40°C TO 85°C 
(NOTE 4) 
TYP 


7) 
WW 
x 
Oo 
= 
= 
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Typical Performance Curves 
100 


FDS(ON) (©) 


Vp (V) 
FIGURE 1. 'DS(ON) VS Vp AND POWER SUPPLY VOLTAGE 


140 


ps(on) (2) 


FIGURE 3. rps(on) V8 Vp AND TEMPERATURE (SINGLE 12V 
SUPPLY) 


COA 
COO 
LOZ 
eT 


0 50 100 125 
TEMPERATURE (°C) 


FIGURE 5. INPUT CURRENT vs TEMPERATURE 
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+1, I-, lgnp (mA) 


80 


70 


60 


o 


20 


10 


0 
“15 


FIGURE 2. rps(on) VS Vp AND TEMPERATURE 


TAC 
re Coe 


300 


'ps(ON) (22) 
2 


FIGURE 4. rps(on) V8 Vp AND UNIPOLAR POWER SUPPLY 
VOLTAGE 


100 


125 
TEMPERATURE (°C) 


FIGURE 6. SUPPLY CURRENT vs TEMPERATURE 


DG441, DG442 


Typical Performance Curves (continued) 


(-dB) 


V+ = +15V 
V- = -15V 
REF 10dBm 
102 10° 104 10° 106 10” 
FREQUENCY (Hz) 


FIGURE 7. CROSSTALK AND OFF ISOLATION vs FREQUENCY 


torr (DG442) 


t (ns) 


torr (DG441) 


lk 


3 4 
INPUT VOLTAGE (V) 
FIGURE 9. SWITCHING TIMES vs INPUT VOLTAGE 


TFN 
TNS 


POSITIVE/NEGATIVE SUPPLIES (V) 
FIGURE 11. SWITCHING THRESHOLD vs SUPPLY VOLTAGE 


V+=+15V 


GEAR LE = -15V 


SINGLE SUPPLY 
exgeee V+=4+12V 
V- =0V 


Q (pC) 


IS(OFF): 'D(OFF) 


Is, Ip (PA) 


V+=+15V 
V- = -15V 
FOR l(orF), Vp = -Vs 


25 | V+ = 415V 


V- = -15V 


20 


fc 15 
& 
Qa 
a 
© 10 
5 Cs(oFF), CD(OFF)  ] ft 
> | oa 
-15 -10 5 0 5 10 15 
Va (V) 
FIGURE 12. SOURCE/DRAIN CAPACITANCE vs ANALOG 


VOLTAGE 
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DG441, DG442 


Typical Performance Curves (Continued) 


- < 
Te = 
£ a 
Q = 
mr & 
O 
5 Lf} CS(0FF)» CD(oFF) 
FOR Ip, Vs = 0 
FOR Is, Vp = 0 
_ 
6 12 6 
Va (V) Vs; Vp (V) 
FIGURE 13. SOURCE/DRAIN CAPACITANCE vs ANALOG FIGURE 14. SOURCE/DRAIN LEAKAGE CURRENTS (SINGLE 
VOLTAGE (SINGLE 12V SUPPLY) 


12V SUPPLY) 


— (DG441) 


ton (DG442) 


t (ns) 


torr (DG442) 


torr a 


SUPPLY VOLTAGE (V) 


FIGURE 15. SWITCHING TIME vs POWER SUPPLY VOLTAGE FIGURE 16. SWITCHING TIMES vs INPUT VOLTAGE 
(DG441) 


3 
INPUT VOLTAGE ny 


t (ns) 


8 10 12 14 16 18 20 22 
+ SUPPLY VOLTAGE (V) 


FIGURE 17. SWITCHING TIME vs POWER SUPPLY VOLTAGE (DG441) 
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DG441, DG442 


Pin Descriptions TRUTH TABLE 


PIN | SYMBOL | DESCRIPTION 
[IN [ogie Contotfor Switch 
[2 [by [Brain (Output) Terminal or Switch 1 
3 [ 8; [Source (nput) Terminal for Switch _ 
+ |v. Negative Power Supply Terminal 
S| GND [Ground Terminal (Logic Common) 
8 [84 | Source (input) Terminal for Switch 4 
[7 [ 04 [Brain (Output) Terminal for Switch 4 
a [Ng [Logic Contr forSwitch 
[Ing [Logic Control for Switch3————— 
[70 [ Da] Drain (Output) Terminal for Switch 3 
Ti [83 Source (input) Terminal or Switch 3 
[13 [Ve | Postive Power Supply Terminal (Substrate) 
[14 [Sz | Source (input) Terminal for Switch 2 
[15 [Dp [Drain (Output) Terminal for Switch 2 
P16 [Np [Logie Control for Switch? 


Test Circuits and Waveforms 


Vo is the steady state output with the switch on. Feedthrough via switch capacitance may result in spikes at the leading and 
trailing edge of the output waveform. 


” 
Ww 
I 
O 
= 
> 
7 


3V tr < 20ns 
LOGIC ts < 20ns 
INPUT 
ov SWITCH 
INPUT 
SWITCH Vv 
INPUT *S 
LOGIC 
0.8 Vo INPUT 
SWITCH 3V 
OUTPUT oy 
— >| ton <— Repeat test for Channels 2, 3 and 4. 
For load conditions, see Specifications C,_ (includes fixture and 
NOTE: Logic input waveform is inverted for switches that have stray capacitance). 
the opposite logic sense. Ri 


Vn = Ve oe eee 
0" "SRL +pgon) 


FIGURE 18A. FIGURE 18B. 
FIGURE 18. SWITCHING TIME 


= 


AVo 
OV 
INx 
OFF hi OFF 
INy Q = AVo x CL 
(DG442) 
FIGURE 19A. FIGURE 19B. 


FIGURE 19. CHARGE INJECTION 
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Test Circuits (continued) 


5 +15V 


SIGNAL 
GENERATOR 10dBm 


GND -15V 
FIGURE 20. CROSSTALK 


5 +15V 


He 


SIGNAL 
GENERATOR 10dBm 


GND -15V 


FIGURE 21. OFF ISOLATION 


IMPEDANCE 
ANALYZER 


GND aay 
FIGURE 22. SOURCE/DRAIN CAPACITANCES 


DG441, DG442 


502 


OV, 2.4V 


OV, 2.4V 


1 


Applications 


GAIN ERROR IS DETERMINED ONLY BY 
THE RESISTOR TOLERANCE. OP AMP OFFSET 
AND CMRR WILL LIMIT ACCURACY OF CIRCUIT 


+15V 


FETINPUT 7 
OP AMP 3 


71 >— 


Vin @ 
2 Vout 


GAIN, 


‘ Ry 
Ay =1 90kQ 
Poser: a 
my =23 ae 
Pe : Ra 


Vout R,+Ro+R3+Ry, 
Va Re 9 
IN 4 
WITH SW, CLOSED 


FIGURE 23. PRECISION WEIGHTED RESISTOR 
PROGRAMMABLE GAIN AMPLIFIER 


H = SAMPLE 


L= HOLD a 


VIN 1/4 DG442 


INx 


FIGURE 24. 


OPEN LOOP SAMPLE AND HOLD 
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Die Characteristics 
DIE DIMENSIONS: 
2160um x 1760um x 485um +25um 


METALLIZATION: 


Type: SiAl 
Thickness: 12kA +1kA 


Metallization Mask Layout 


pst 
x 
S1 (3) tS 
cs 
SS 
V- (4) 
GND (5) 
Yer. 
Wie 
Ge 
os 
Sq (6) sf 
“a 
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PASSIVATION: 


Type: Nitride 
Thickness: 8kA +1 kA 


WORST CASE CURRENT DENSITY: 
9.1 x 104 Alem? 


DG441, DG442 


“”) 
Wu 
= 
O 
= 
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(13) V+ SUBSTRATE 


(12) NC 


ee a 
1 \ 


ag. 
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SEMICONDUCTOR 


uD 


August 1997 


DG444, DG445 


Monolithic, Quad SPST, 
CMOS Analog Switches 


Features 
e ON-Resistance (Max). ...........2ceeeeeeecees 852Q 
e Low Power Consumption (Pp)............:: <35W) 
¢ Fast Switching Action 
a's Qe Cree Teer errr rerrr re Teer Tee <250ns 
© tore (DG444) wc ncn ccc emenenenssweccens <120ns 


Low Charge Injection 

e Upgrade from DG211/DG212 

e TTL, CMOS Compatible 

¢ Single or Split Supply Operation 


Description 


The DG444 and DG445 monolithic CMOS analog switches 
are drop-in replacements for the popular DG211 and DG212 
series devices. They include four independent single pole 
single throw (SPST) analog switches and TTL and CMOS 
compatible digital inputs. 


These switches feature lower analog ON resistance (<85Q) 
and faster switch time (toy, <250ns) compared to the DG211 
and DG212. Charge injection has been reduced, simplifying 
sample and hold applications. 


The improvements in the DG444 series are made possible by 


using a high voltage silicon-gate process. An epitaxial layer 
prevents the latch-up associated with older CMOS technolo- 
gies. The 44V maximum voltage range permits controlling 
+20V signals when operating with +20V power supplies. 


Applications 

e Audio Switching 

¢ Battery Operated Systems 
¢ Data Acquisition 

e Hi-Rel Systems 

e¢ Sample and Hold Circuits 
¢ Communication Systems 
e Automatic Test Equipment 


The four switches are bilateral, equally matched for AC or 
bidirectional signals. The ON resistance variation with ana- 
log signals is quite low over a t5V analog input range. The 
switches in the DG444 and DG445 are identical, dittaring 
only in the polarity of the selection logic. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 


paeaos | aovoes_[reiapor [e163 
[Daeaoy | a01oas [retasoie __[Miet6_ 
[pesos | a0voas_[retapop e163 
[paeasoy | aves [ieLasoie | wreis 


Pinout Functional Diagrams 
DG444, DG445 DG444 DG445 
(PDIP, SOIC) 

TOP VIEW S1 

INy 
Dy 
S2 

IN2 
D2 
S3 

IN3 
D3 
S4 

INg 
Dy 

SWITCHES SHOWN FOR LOGIC “1” INPUT 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3586 4 


Copyright © Harris C tion 1997 
pyrig s Corporation 43-52 


DG444, DG445 


Typical Schematic Diagram (One Channel) 


— 
S| 
VL 
V- 

V+ 

INx © : 
IT H 
“a 
O 
= 
GND s 
7) 
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DG444, DG445 


Absolute Maximum Ratings 


Thermal Information 


Wi 68 Vu ic cxacesenectsonednonsdakesarvacaasecednen 44V Thermal Resistance (Typical, Note 2) Oya (CCW) 

OW Ws ndcnewenn hse etnard 4see54 eee sans ede ke ee 25V PUIP PRB ics cic ea xaanevesnaventanduowns 100 

VL ieee eect e eee eee eens (GND - 0.3V) to (V+) + 0.3V SONG Pacing. «iin cncn acess va asewn aves 115 

Digital Inputs, Vg, Vp (Note 1)..... (V-) -2V to (V+) + 2V or 30MA, Maximum Junction Temperature (PDIP, SOIC)............ 150°C 
Whichever Occurs First Maximum Storage Temperature Range (D Suffix) . .-65°C to 150°C 

Continuous Current (Any Terminal) Cao HES HR ERE OEE ORS 30mA Maximum Lead Temperature (Soldering 10s) nae 300°C 

Current, S or D (Pulsed ims, 10% Duty Cycle)........... 100mA (SOIC - Lead Tips Only) 


Operating Conditions 


Temperature (D Suffix)........... 0.000 cece eee -40°C to 85°C 
Wolane RaNGG 6.2 cciscovdscevsseceehunta etanns +20V (Max) 
Tenwmeralura AGNGG ss. ccscwevncsawenaanvanes -55°C to 125°C 
INOUE LOW VOWAGC . + cio esdeesesvarsacrevee ns vawes 0.8V (Max) 
IDG PUG YONI i saw 5 sw he oO KE Se he eK ed ween ees 2.4V (Min) 


<20ns 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. Signals on Sx, Dx, or INx exceeding V+ or V- will be clamped by internal diodes. Limit forward diode current to maximum current ratings. 
2. 6ja is measured with the component mounted on an evaluation PC board in free air. 


Input Rise and Fall TIWiG...6cs2ccccwsnaceseanvannnans 


Electrical Specifications Test Conditions: V+ = +15V, V- = -15V, V,_ = 5V, Vin = 2.4V, 0.8V (Note 3), 
Unless Otherwise Specified 


(NOTE 4) 
TEMP 
PARAMETER 


DYNAMIC CHARACTERISTICS 
Turn-ON Time, ton 


Turn-OFF Time, torr 
DG444 


D 
Charge Injection, Q 


TEST CONDITIONS 


D SUFFIX -40°C TO 85°C 
UNITS 


(NOTE 5) | (NOTE 6) | (NOTE 5) 
MIN TYP MAX 


Ry = 1kQ, Cy, = 35pF, Vs = +10 
(See Figure 18) 


C. = 1nF, Vs = OV, VGeEn = OV, 
RGEN = 0Q 


forFisaaion __———~—«di = som. meer tote | oe | | | | 


Crosstalk (Channel-to-Channel) Any Other Channel Switches 100 
Ry = 50Q, CL = 5pF, f = 1MHz 


Drain OFF Capacitance, Cp(orr) f = 1MHz 


VANALOG = 0 


Vin Under Test = 0.8V, 
All Others = 2.4V 


Vin Under Test = 2.4V, 
All Others = 0.8V 


Drain-Source ON Resistance, 
'DS(ON) 


ls = $10MA, Vp = +8.5V, 
V+ = 13.5V, V- = -13.5V 


Switch OFF Leakage Current, Is(oFFy | V+ = 16.5V, V- = -16.5V, 
Vp = £15.5V, Vs = 415.5V 


Switch OFF Leakage Current, 
ID(OFF) 


V+ = 16.5V, V- = -16.5V, 
Vp = +15.5V, Vg = ¥15.5V 
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DG444, DG445 


Electrical Specifications Test Conditions: V+ = +15V, V- = -15V, V,_ = 5V, Vin = 2.4V, 0.8V (Note 3), 
Unless Otherwise Specified (Continued) 


o oO 
(NOTE 4) D SUFFIX -40°C TO 85°C 
UNITS 


TEMP (NOTE 5) | (NOTE 6) | (NOTE 5) 
PARAMETER TEST CONDITIONS MIN TYP MAX 
Channel ON Leakage Current, V+ = 16.5V, V- = -16.5V 
ID(ON) + IS(ON) Vs = Vp =+15.5V 


POWER SUPPLIES 


Positive Supply Current, I+ V+ = 16.5V, V- = -16.5V, 


Vin = OV or 5V 


Ground Current, IGnp 


Electrical Specifications (Unipolar Supplies) Test Conditions: V+ = +12V, V- = OV, V._ = 5V, Vix = 2.4V, 0.8V (Note 3), 
Unless Otherwise Specified 


te] ce] 
(NOTE 4) D SUFFIX -40°C TO 85°C 
TEMP | (NOTES) | (NOTE6) | (NOTE5) 
PARAMETER TEST CONDITIONS (°c) MIN TYP MAX | UNITS 
DYNAMIC CHARACTERISTICS 
Turn-ON Time, ton Ri = 1kQ, Cy = 35pF, Vs = BV, 


Tum-OFF Time, torr eee aT) 
Charge Injection, Q C, = 1nF, Vgen = 6V, 


” 
ud 
< 
O 
= 
= 
on 


Drain-Source ON Resistance, fps(on) | !s = -10mA, Vp = 3V, 8V 
V+ = 10.8V, Vi = 5.25V 


POWER SUPPLIES 


Positive Supply Current, I+ 


3. Vin = input voltage to perform proper function. 

4. Hot = as determined by the operating temperature suffix. 

5. The algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet. 
6. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing. 
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Typical Performance Curves 


I+, I- Iqup (MA) 


0 +4 +8 +12 +16 +20 55 0 50 100 125 
FIGURE 1. SWITCHING THRESHOLD vs SUPPLY VOLTAGE 


FIGURE 2. SUPPLY CURRENT vs TEMPERATURE 


V+ = +15V 


lin (PA) 


rps(on) (2) 


50 100 125 
TEMPERATURE (°C) 


Vp (V) 
FIGURE 3. INPUT CURRENT vs TEMPERATURE 


FIGURE 4. rps(on) V8 Vp AND TEMPERATURE 


=) ~~ Q 
2 OFF ISOLATION = 
V+=4+15V 
V- = -15V 
REF 10dBm 
102 103 104 10° 106 107 
FREQUENCY (Hz) 


FIGURE 5. CROSSTALK AND OFF ISOLATION vs FREQUENCY 


FIGURE 6. CHARGE INJECTION vs SOURCE VOLTAGE 
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Typical Performance Curves (Continued) 
25 
ao 5V 
tat |_| “a 
Cc Cc 
S(ON) + ©D(ON) a 
ee 


Va a 


20 


Cs, p (PF) 
Is, Ip (PA) 


FIGURE 7. SOURCE/DRAIN CAPACITANCE vs ANALOG VOLTAGE 


160 


V+=+15V 
V- = -15V 


”) 
Ww 
S 
O 
Eo 
> 
o 


t (ns) 
S 
t (ns) 


2 3 4 5 +10 +12 +14 +16 +18 +20 +22 
INPUT VOLTAGE (V) SUPPLY VOLTAGE (V) 
FIGURE 9. SWITCHING TIME vs INPUT VOLTAGE FIGURE 10. SWITCHING TIME vs POWER SUPPLY VOLTAGE 
(DG444) 


V+ =4+12V, V-=0V 
Vi = 5V 


t (ns) 
t (ns) 


+10 +12 +14 +16 +18 +20 +22 
SUPPLY VOLTAGE (V) oor VOLTAGE (V) 
FIGURE 11. SWITCHING TIME vs POWER SUPPLY VOLTAGE FIGURE 12. SWITCHING TIME vs INPUT VOLTAGE (DG444) 
(DG445) 
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Typical Performance Curves (continued) 
150 


V+ = +15V, V- = -15V 


t (ns) 
t (ns) 


8 10 12 14 16 18 20 22 
INPUT VOLTAGE (V) 


V+ SUPPLY VOLTAGE (V) 
FIGURE 13. SWITCHING TIME vs INPUT VOLTAGE (DG445) FIGURE 14. SWITCHING TIMES vs POWER SUPPLY VOLTAGE 


Q (pC) 


Is, Ip (pA) 


V+=412V 
V- = OV 
FOR Ip, Vs = 0 
FOR Is, Vp = 0 
6 
Vs; Vp (V) 
FIGURE 15. CHARGE INJECTION vs SOURCE VOLTAGE FIGURE 16. SOURCE/DRAIN LEAKAGE CURRENTS 
(SINGLE 12V SUPPLY) (SINGLE 12V SUPPLY) 


& 
tt ALLEL 
” 
oO 
—— Cs(oFF); CD(OFF)}__ 


6 12 
Va (V) 
FIGURE 17. SOURCE/DRAIN CAPACITANCE vs ANALOG VOLTAGE (SINGLE 12V SUPPLY) 


“T 
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Pin Descriptions | TRUTH TABLE 


| PIN | SYMBOL DESCRIPTION 
Logic Control for Switch 1 
| 2 | Dy | Drain (Output) Terminal for Switch 1 


Source (input) Terminal for Switch 1 


Negative Power Supply Terminal 


Ground Terminal (Logic Common) 
Source (Input) Terminal for Switch 4 
Drain (Output) Terminal for Switch 4 
Logic Control for Switch 4 

Logic Control for Switch 3 

Drain (Output) Terminal for Switch 3 
Source (Input) Terminal for Switch 3 
Logic Reference Voltage. 

Positive Power Supply Terminal (Substrate) 
Source (Input) Terminal for Switch 2 
Drain (Output) Terminal for Switch 2 
Logic Control for Switch 2 


Test Circuits and Waveforms 


Vo is the steady state output with the switch on. Feedthrough via switch capacitance may result in spikes at the leading and 
trailing edge of the output waveform. 


”n 
WW 
= 
O 
= 
= 
n 


3V ty < 20ns 
INPUT SWITCH 
OV INPUT 
SWITCH 
Vs LOGIC 
INPUT INPUT 
0.8 Vo 3V 
SWITCH 
OUTPUT oy 
Repeat test for Channels 2, 3 and 4. 
—>| toy <=— For load conditions, see Specifications C,_ (includes fixture and 
stray capacitance). 
NOTE: Logic input waveform is inverted for switches that have V.=V RAL 
the opposite logic sense. 0" "SRL +tpgon) 
FIGURE 18A. FIGURE 18B. 


FIGURE 18. SWITCHING TIME 


AVo 
OV 
INx 
OFF oh OFF 
INy Q=AVo x Ci 
(DG445) 
FIGURE 19A. FIGURE 19B. 


FIGURE 19. CHARGE INJECTION 
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Test Circuits and Waveforms (Continued) 


5 +15V 


SIGNAL 


FIGURE 20. CROSSTALK 


5 +15V 


é 


SIGNAL 
GENERATOR 10dBm 


IMPEDANCE 
ANALYZER 


1 


FIGURE 22. SOURCE/DRAIN CAPACITANCES 


OV, 2.4V 
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Typical Applications 


FETINPUT = 15 
OPAMP 3% 97 


De 


GAIN, 
Ay=1~ 


GAIN2 
Ay =10 © 


GAIN; 
Ay =20 ~ 


GAIN, 
Ay = 100 “ 


GAIN ERROR IS DETERMINED ONLY BY 
THE RESISTOR TOLERANCE, OP AMP OFFSET 
AND CMRR WILL LIMIT ACCURACY OR CIRCUIT 


Vout _ R,+Ro+R3+Ry 


au = 100 
VIN R, 


WITH SW, CLOSED 


FIGURE 23. PRECISION WEIGHTED RESISTOR 
PROGRAMMABLE GAIN AMPLIFIER 


+5V +15V 


FIGURE 24. LEVEL SHIFTER 


> VouT 


OV 
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Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 
2160um x 1760um x 485 +25um Type: Nitride 
Thickness: 8kA = kA 
METALLIZATION: 
Toe: Si WORST CASE CURRENT DENSITY: 
ype: SiAl 
Thickness: 12kA +1kA 9.1 x 104 A/cm 


Metallization Mask Layout 
DG444, DG445 


S; (3) (14) So 
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BARRIS HI-200, HI-201 


August 1997 Dual/Quad SPST, CMOS Analog Switches 


Features Description 


e Analog Voltage Range............2eceeeeees +15V_HI-200/HI-201 are monolithic devices comprising 
¢ Analog Current Range independently selectable SPST switches which feature fast 
¢ Turn-On Time switching speeds (HI-200 240ns, and HI-201 185ns) 
combined with low power dissipation (15mW at 25°C). Each 
e Low Power Dissipation switch provides low “ON” resistance operation for input signal 
e TTL/CMOS Compatible voltage up to the supply rails and for signal current up to 
‘ . 80mA. Rugged DI construction eliminates latch-up and 

App lications substrate SCR failure modes. 
High Frequency Analog Switching 


* Sample and Hold Circuits All devices provide break-before-make switching and are 


TTL and CMOS compatible for maximum application 
versatility. Hl-200/HI-201 are ideal components for use in 
high frequency analog switching. Typical applications include 
Functional Diagram signal path switching, sample and hold circuit, digital filters, 
and operational amplifier gain switching networks. 


HI-200 is a dual SPST CMOS analog switch available in DIP 

and (TO-99) metal cans and is pin compatible with other 

available “200 series” switches. For MIL-STD-883 compliant 
REFERENCE, parts, request the HI-200/883 data sheet. 


LEVEL SHIFTER, 
AND DRIVER 


Digital Filters 
Operational Amplifier Gain Switching Networks 


9 VREF 


Pinouts 


HI-200 (CERDIP, PDIP, SOIC) HI-201 (CERDIP, PDIP, SOIC) HI-201 (PLCC, CLCC) 
TOP VIEW TOP VIEW TOP VIEW 


HI-200 (METAL CAN) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 31 21 2 
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Ordering Information 


Ee cc 
PART NUMBER RANGE (°C) 

10 Pin Metal Can T10.B 

0 to 75 + 96 Hr. Burn-in 


14 Ld PDIP E14.3 


14 Ld CERDIP F14.3 
14 Ld CERDIP F143 


14 Ld CERDIP F14.3 


55 to 125 
0 to 75 + 96 Hr. Burn-in 

HI1-0201-4 
55 to 125 


H14-0201/883 -55 to 125 


10 Pin Metal Can T10.B 


14 Ld SOIC M14.15 


14 Ld CERDIP F14.3 


10 Pin Metal Can T10.B 


16 Ld CERDIP F16.3 


” 
Wu 
i 
O 
= 
= 
a 


16 Ld CERDIP F16.3 


16 Ld CERDIP F16.3 
20 Ld PLCC 
16 Ld SOIC M16.15 
16 Ld SOIC 

16 Ld CERDIP F16.3 
16 Ld PDIP E16.3 
16 Ld CERDIP F16.3 


20 Ld CLCC J20.A 


13-63 


HI-200, HI-201 


Schematic Diagrams 
TTL/CMOS REFERENCE CIRCUIT Vper CELL TTL/CMOS REFERENCE CIRCUIT Vper CELL 
Hi-200 HI-201 


SWITCH CELL 
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Schematic Diagrams (Continued) 


DIGITAL INPUT BUFFER AND LEVEL SHIFTER 
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HI-200, HI-201 


Absolute Maximum Ratings Thermal Information 
Suppo VOUAGS sx vaccdawenedeanedesterusaessaxed 44V (422) Thermal Resistance (Typical, Note 1) Bya (PC/W) Bg (CC/W) 
Peer AI 2c dain ccdeccasnvan onan suesorasenis 20V, -5V 14 Ld CERDIP Package (/883 Versions) 80 24 
Digital Input Voltage ............ 0... eee eee eee +Vsuppty 4V 14 Ld CERDIP Package (Non /883 Versions) 95 40 
-Vsuppty ~4V 16 Ld CERDIP Package (/883 Versions) 75 20 
Analog Input Voltage (One Switch)............... +Vsuppiy 2.0V 16 Ld CERDIP Package (Non /883 Versions) 90 35 
-Vsuppty -2.0V PLCC Package .............00005 80 N/A 
POM FROCKEOS 6. cr exeve sc aveeeeeax 100 N/A 
Operating Conditions 14 Ld SOIC Package.............. 120 N/A 
ee 16 Ld SOIC Package.............. 115 N/A 
P g ; ' 10 Pin Metal Can Package (HI-200 Only) 160 75 
PULUOHE, PUKCO VS as ncn tae ode OEE Shaw OE -55°C to 125°C 
0 0 20 Ld CLCC Package (HI-201 Only). . 65 13 
P2004, 2014 6 cas cncew ste kei eens wows’ -25°C to 85°C d 0 0 
0 0 Maximum Storage Temperature ................ -65°C to 150°C 
PaPeO=a, FIRZO1ES sc veaw cae kina OK eee KEES BAe OE ER 0°C to 75°C Mavi ian H ; ° 
1200-9 HI201-9...................... -A0°C to 85°C aximum Junction Temperature ( ermetic) Pee baee VOetas 175°C 
———  —————e—e_e_——e Maximum Junction Temperature (Plastic)................ 150°C 
Maximum Lead Temperature (Soldering, 10s) ............ 300°C 


(PLCC and SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 6), is measured with the component mounted on an evaluation PC board in free air. 


Electrical Characteristics Supplies = +15V, -15V; Vaer = Open; Vay (Logic Level High) = 2.4V, 
Va (Logic Level Low) = +0.8V 


TEST TEMP ee 
PARAMETER CONDITIONS | (°C) | MIN | TYP | MAX | MIN | TYP | MAX | UNITS 
a eee 


Switch On Time, ton 
HI-200 


Switch Off Time, torr 
HI-200 


“Off Isolation” (Note 4) 
HI-200 70 70 


_—* 
as 


ne) 
aa 


no) soe mom me) 


Drain-to-Source Capacitance, 
Cos(orr) 


DIGITAL INPUT CHARACTERISTICS 


Input High Threshold, Vay ae 


Input Leakage Current (High or Low), | (Note 2) 
la 


ANALOG SWITCH CHARACTERISTICS 


On Resistance, ron (Note 1) 


: 


| 
8 
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Electrical Characteristics Supplies = +15V, -15V; Vacr = Open; Vay, (Logic Level High) = 2.4V, 
Vat (Logic Level Low) = +0.8V (Continued) 


TEST TEMP HI-200, HI-201-2/883 HI-200, HI201 -4, -5, -7, -9 
PARAMETER CONDITIONS (°C) 


_ MIN | typ | MAX | Farr ee raat aan. 


Off Input Leakage Current, Is(oFF) (Note 6) | 2 Fo - J 1 | 5 | Po- fF 4 | 50 | | nA | 
ie a eee 
HI-200 Full 


[500 _| 

=e 

[_500_| 

On Leakage Current, Ipon) (Note 6) Yt | 8 | 
HI-200 100 | 500 | 
2 | 5 | 

|= | 500_| 
2 | 5 

| 35_| 500 | 
2 | 5 | 

p= | 800 | 


POWER REQUIREMENTS (Note 5) 


Power Dissipation, Pp rd 
—— 


NOTES: 

2. Vout = £10V, lout = 1MA. 
. Digital Inputs are MOS gates: typical leakage is < 1nA. 
VaH = 4V. 
Va = 5V, Ry = 1kQ, C, = 10pF, Vs = 3Veus, f = 100kHz. 
. Va = +8V or Va = OV for Both Switches. 
. Refer to Leakage Current Measurements (Figure 4). 
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Performance Curves and Test Circuits 1, = 25°C, Vsyppiy = 15V, Vay = 2.4V, 
VaL = 0.8V and Vre_er = Open 


FIGURE 1. ON RESISTANCE vs ANALOG SIGNAL LEVEL, SUPPLY VOLTAGE AND TEMPERATURE 
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HI-200, HI-201 


Performance Curves and Test Circuits 1, = 25°C, Vgyppiy = 15V, Vay = 2.4V, 


ON RESISTANCE (Q) 


AMBIENT TEMPERATURE (°C) 
FIGURE 2. ON RESISTANCE vs TEMPERATURE 


CURRENT (nA) 


TEMPERATURE (°C) 


FIGURE 4A. HI-201 SWITCH LEAKAGE CURRENT vs 
TEMPERATURE 


VOLTAGE ACROSS SWITCH (V) 


FIGURE 5A. 


Va_ = 0.8V and Vaer = Open (Continued) 


ON RESISTANCE (Q) 


-10 5 +5 +10 +15 
ANALOG allie LEVEL (V) 
FIGURE 3. HI-201 ON RESISTANCE vs ANALOG SIGNAL 
LEVEL AND POWER SUPPLY VOLTAGE 


= +14V 


FIGURE 4C. ON LEAKAGE CURRENT vs TEMPERATURE 


FIGURE 5B. 


FIGURE 5. SWITCH CURRENT vs VOLTAGE 


HI-200, HI-201 


Switching Waveforms 


VaH = 4V 


DIGITAL 
INPUT 


SWITCH 
OUTPUT 


FIGURE 6. LOGIC “0” = SWITCH ON 


ton, torr (TTL INPUT), Viy = +4V 
Vertical: 2V/Div. 
Horizontal: 100ns/Div. 


ton, torr (TTL INPUT), Vin = +15V 
Vertical: 5V/Div. 
Horizontal: 100ns/Div. 


FIGURE 7. TTL INPUT 


OFF ISOLATION (dB) 


100Hz 1kHz 10kHz 
FREQUENCY (Hz) 


100kHz 1MHz 


FIGURE 8. OFF ISOLATION vs FREQUENCY 
For more information see Application Notes AN520, AN521, AN531, 
AN532 and AN557. 


Single Supply 


The switch operation of the HI-200/201 is dependent upon an 
internally generated switching threshold voltage optimized for 
+15V power supplies. The HI-200/201 does not provide the 
necessary internal switching threshold in a single supply sys- 
tem. Therefore, if single supply operation is required, the 
HI-300 series of switches is recommended. The HI-300 series 
will remain operational to a minimum +5V single supply. 


Switch performance will degrade as power supply voltage is 
reduced from optimum levels (+15V). So it is recommended 
that a single supply design be thoroughly evaluated to 
ensure that the switch will meet the requirements of the 
application. 


For further information see Application Notes AN520, 
AN521, AN531, AN532, AN543 and AN557. 
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Die Characteristics 
DIE DIMENSIONS: 

54 mils x 79 mils x 19 mils 
METALLIZATION: 


Type: CuAl 
Thickness: 16kA +2kA 


Metallization Mask Layout 


HI-200 


PASSIVATION: 


Type: Nitride over Silox 
Nitride Thickness: 3.5kA = kA 
Silox Thickness: 12kA +2 


WORST CASE CURRENT DENSITY: 
2x 10° A/cm? at 25mA 


IN 1 
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Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 
81 mils x 85 mils x 19 mils Type: Nitride over Silox 
i ; ‘i 
METALLIZATION: Nitride Thickness: 3.5kA +1kA 


Silox Thickness: 12kA +2kA 
WORST CASE CURRENT DENSITY: 
2x 10° A/cm? at 25mA 


Type: CuAl 
Thickness: 16kA +2kA 


Metallization Mask Layout 


HIi-201 


OUT 1 OUT 2 
2) 
Lu 
a 
O 
IN 1 IN 2 = 
= 
“” 
V+ 
\- 
GND 
VREF 
IN4 & IN3 
OUT 4 OUT 3 
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HARRIS HI-201HS 


aD 


High Speed, Quad SPST, 
August 1997 CMOS Analog Switch 
Features Description 
¢ Fast Switching Times The HI-201HS is a monolithic CMOS Analog Switch featur- 
M's MCT TTTIIT TEL CETLT TTC TT LET Te ee 30ns __ ing very fast switching speeds and low ON resistance. The 
®t Beet acy er dieeewesudageonce sosvsusieansee 40ns _ integrated circuit consists of four independently selectable 
© Low “ON” Resistance ........cecccccccccccucc 30Q SPST switches and is pin compatible with the industry stan- 
* Pin Compatible with Standard HI-201 dard HI-201 switch. 
¢ Wide Analog Voltage Range (+15V Supplies) ..... +15V Fabricated using silicon-gate technology and the Harris Dielectric 
¢ Low Charge Injection (+15V Supplies) ......... 10pC Isolation process, this TTL compatible device offers improved 
¢ TTL Compatible performance over previously available CMOS analog switches. 


Featuring maximum switching times of 50ns, low ON resistance of 


¢ Symmetrical Switching Analog Current Range .. 80mA 
7 9 9 9 50Q maximum, and a wide analog signal range, the HI-201HS is 


Applications designed for any application where improved switching perfor- 
¢ High Speed Multiplexing mance, particularly switching speed, is required. (A more 
e High Frequency Analog Switching detailed discussion on the design and application of the 
¢ Sample and Hold Circuits HI-201HS can be found in Application Note AN543.) 

e Digital Filters 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 


far-coHss | 01075 |TLaceRDP | Fi6s 
[HisceoTHs-4 | 25t085 [velapoP [e163 
[HI-c201HS2 | —s5t0 125 [16LaCERDP [Figs 
[Hi-c20THS-4 | 251085 | Tels cERDP _[Fi63_| 
[miaPo201Hss | 0%075 _Jaotap.oc | N20a5 
[His-c20Hss | ow75 |verapo [e163 
[HiecaoTHs/e=s | 50 125 ooracioo [20a _| 
[Hi-c20THs/e83_| S510 125 [VGLACERDIP [Figs 
Hi-c201HS8 | —ssi0125 [VeLacERDP [Figo 


e Operational Amplifier Gain Switching Networks 
e integrator Reset Circuits 


Functional Diagram 


\- 


LOGIC SWITCH 


Pinouts 
HI-201HS (CERDIP, PDIP, SOIC) HI201HS (CLCC) HI201HS (PLCC) 
TOP VIEW TOP VIEW TOP VIEW 
r N 
. ar (28 
a] [2 ou: 


9 r= ours 


= = 
ll 
N 
< 
+ 
De 
& 
< 
+ 


6 Og g Nag Ogg Ogg 
BD heed bee bod be 


oO 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 31 23.1 
Copyright © Harris Corporation 1997 13-72 
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Schematic Diagrams 
TTL/CMOS REFERENCE CIRCUIT SWITCH CELL 
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DIGITAL INPUT BUFFER AND LEVEL SHIFTER 
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REPEAT FOR EACH ; 
LEVEL SHIFTER 
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Absolute Maximum Ratings Thermal Information 
Supply Voltage (Between Pins 4 and 13).................. 36V Thermal Resistance (Typical, Note 1) Bya (CCIW) yc (PCCW) 
Digital Input Voltage (Pins 1, 8,9, 16) ......... (V+) +4V, (V-) -4V CERDIP Package .sccisccaccasues 80 30 
Analog Input Voltage (One Switch).................. (V+) +2.0V CLOC PaCKhOO «.ccxcwnevcannirees 65 14 
Pits 20,6, 7, 00, 19, 14, WSsassanccewseaga0sageaes (V-) -2.0V POIP PAGKAOR 20 ic cs ws oweisesenas 100 N/A 
Peak Current (S or D) PLGG PAGKEGS scx ww aiuaekewedinws 80 N/A 

(Pulse at ims, 10% Duty Cycle Max)...............0.. 50mA SWIC PACKONG «is ch nseeoes enews 100 N/A 
Continuous Current Any Terminal (Except S or D).......... 25mA Maximum Junction Temperature 

' _ Coramic PACKAGG .cccsaccsasuvawseraxcaswveces eas 175°C 

Operating Conditions Plastic PaCkKAQ@.....cracccacensuavvunnsvenvawnnes 150°C 
Temperature Ranges Maximum Storage Temperature ................ -65°C to 150°C 

HI-201HS-2,-8. 0.0... cc ccc ec eee cee ee -55°C to 125°C Maximum Lead Temperature (Soldering 10s)............. 300°C 

HI-201HS-4.. 00... cece cece eee eee ees -25°C to 85°C (SOIC, PLCC - Lead Tips Only) 

MOMS ET cen cseninasvaverieueisedanasad 0°C to 75°C 

HGR, vacerovedsnassededadancensanws -40°C to 85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Supplies = +15V, -15V; Vay (Logic Level High) = 2.4V, Va; (Logic Level Low) = +0.8V, GND = OV, Unless 
Otherwise Specified 


TEST Temp | __HI-201HS-2/-8 | HI-201HS-5/-4/-9/-7 


SWITCHING CHARACTERISTICS 


fon SwichOntine __——S—sC=id Cd wT CT OT OT | ole 
torr1, Switch Off Time 40 50 

torre, Switch Off Time 150 
Output Settling Time 0.1% Ld 180 
“Off Isolation” 7 
Crosstalk 
Charge Injection 


Cs(orF), Input Switch Capacitance Loa 


150 
180 


oivivlivuivily 
nmi nmimninyinio 


72 
10 
10 
} Output Switch Capacitance me 


2 
0 
0 
Cp(ON): 
8 


1 
1 
1 


Ca, Digital Input Capacitance 


25 
25 
25 
25 


Cps(orF), Drain-To-Source Capacitance 
DIGITAL INPUT CHARACTERISTICS 


Vac, Input Low Threshold Full 


( 
Van, Input High Threshold ! 


Full 
laL, Input Leakage Current (Low) 
Full 


lAH, Input Leakage Current (High) 


ANALOG SWITCH CHARACTERISTICS 


Vg, Analog Signal Range Ro Full | -15 
fon, On Resistance (Note 2) 


< 
> 
= 
a 
oO 
< 
iS 
oO 
Ss 
=) 


b= 


SCE TLE 


—* 


NSN 
on 
' 
— 


5 


+ 


Full 


oOo 
+ 
~ sak 


PS 
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Electrical Specifications Supplies = +15V, -15V; Vay (Logic Level High) = 2.4V, Va; (Logic Level Low) = +0.8V, GND = OV, Unless 
Otherwise Specified (Continued) 


ramen cata [a ar Ym [|e 

PARAMETER CONDITIONS| (°C) | MIN | TYP | MAX | MIN | TYP | MAX |UNITS 

ID(OFF)» Off Output Leakage Current aa is 

i Sa. 

a 
ae 


POWER SUPPLY CHARACTERISTICS (Note 7) 


i=) 
ee) 
ak 
© 


_ 

oO 

oO 
oO 
oo 
=e 
oO 


A 
on 
ala 
oO}; © 
= = =) 5 =) 


Pp, Power Dissipation 


—_ 
i) 
oO 


l+, Current (Pin 13) 


> 


I-, Current (Pin 4) 


EE 
= 
oo 
u 
J 
=) 
oO 


3 


= 


NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily implied. 


. Vout = £10V, lout = 1MA. 

. Rp = 1kQ, Cy = 35pF, Vin = +10V, Va = +3V. (See Switching Waveforms). 
. Va = 8V, Ry = 1kQ, Cy = 10pF, Vin = 3Vams, f = 100kHz. 

. Va = 3V, Ry = 1kQ, Vin = 3Vams, f = 100kKHz. 

. Cy = 1000pF, Vinx = OV, Riy = OV, AQ = C, x AVo. 

. Va = 3V or Va = 0 for all switches. 
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Switching Waveforms 


pig 


NOI OR Se) EUR OR. be ee eet 
ease ‘ 


DIGITAL “AH = 3.0V 


INPUT 


PEAT SVT ET LT Th 
; 
4 
‘ 
8 
*. 
TY : Pa EE wae wownen, 


Pie 100nS 


SWITCH 
OUTPUT 


TOP: TTL Input (2V/Div.) BOTTOM: Output (5V/Div.) 
HORIZONTAL: 100ns/Div. 


FIGURE 1A. FIGURE 1B. 
FIGURE 1. SWITCH toy AND tore TIMES 
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HI-201HS 


Typical Performance Curves 


V+ = +15V, V- = -15V 
V+ = +8V, V- = -8V 
V+ = +10V, V- = -10V 


g € 
WwW wi 
z { 
b o 
i %) 
3 = 
5 5 V+ = 412V, Ve = -12V 
V+=415V, V- =-15V 
ANALOG INPUT (V) ANALOG INPUT (V) 
FIGURE 2. “ON” RESISTANCE vs ANALOG SIGNAL LEVEL FIGURE 3. “ON” RESISTANCE vs ANALOG SIGNAL LEVEL 
AND TEMPERATURE AND POWER SUPPLY VOLTAGE 
100.0 


10.0 


LEAKAGE CURRENT (nA) 
mn 
LEAKAGE CURRENT (nA) 


TEMPERATURE (°C) TEMPERATURE (°C) 


FIGURE 4. Is(oFF OR I—prorr) vs TEMPERATURE FIGURE 5. | vs TEMPERATURE{ 
S(OFF) D(OFF) D(ON) 


V+ = +15V, V- = -15V 
Ilsorr > Vp = OV 


SUPPLY CURRENT (mA) 
LEAKAGE CURRENT (pA) 


“5 “15 105 125 14-12-10 -8 6 4 -2 0 2 4 6 8 10 12 14 
TEMPERATURE faites ANALOG INPUT (V) 
FIGURE 6. SUPPLY CURRENT vs TEMPERATURE FIGURE 7. LEAKAGE CURRENT vs ANALOG INPUT VOLTAGE 


+ Theoretically, leakage current will continue to decrease below 25°C. But due to environmental conditions, leakage measurements below 
this temperature are not representative of actual switch performance. 
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Typical Performance Curves (continued) 


LEAKAGE CURRENT (A) 


60 
40 
20 

0 


25 35 45 55 65 75 85 95 105 115 125 
TEMPERATURE (°C) 


FIGURE 8. DIGITAL INPUT LEAKAGE CURRENT vs 


SWITCHING TIME (ns) 


FIGURE 12. SWITCHING TIME vs POSITIVE SUPPLY VOLTAGE 


SWITCHING TIME (ns) 


TEMPERATURET 


V+ = 415V 
V- = -15V 
Ry = 1k 


C, = 35pF 


55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


FIGURE 10. SWITCHING TIME vs TEMPERATURE 


V- = -15V, Ry = 1kQ 
Cy = 35pF, Ta = 25°C 


a 
wot} tL SSA tor 
an a 
ott | | | | FoF 
5 6 7 8 9 10 11 #12 #13 #14 = «15 
POSITIVE SUPPLY (V) 


nk 


V+ = +15V, V- = -15V, Ta = 25°C 
Isorr — Vp = 0V 
IDoFF > Vs = 0V 


C-{NOLUANWOSO 


LEAKAGE CURRENT (nA) 


“16.0 -15.5 -15.0 -14.5 -14.0 +14.0 +14.5 +15.0 +15.5 +16.0 
ANALOG INPUT (V) 


FIGURE 9. LEAKAGE CURRENT vs ANALOG INPUT VOLTAGE 


R, = 1K, Cy = 35pF, Ta = 25°C _ 


ATER 
SEEN 


250 


” 
Ww 
= 
O 
= 
> 
a 


SWITCHING TIME (ns) 


| | fesse tf [| 
tox PS 
See 

; a i ie 
+5 +6 +7 +8 +9 +10 +11 #=+12 #+13 #t14 «+15 
POSITIVE AND NEGATIVE SUPPLY (V) 


FIGURE 11. SWITCHING TIME vs POSITIVE AND NEGATIVE 


SUPPLY VOLTAGE 
350 
V+ = +15V, Ry = 1kQ 
300 | CL = 35PF; Ta = 25°C 
e 250 
= 
F 200 
S 
= 
= 150 
© 
4 
= 100 


0 
5 6 7 8 9 40 -11 -12 -13 -14 -15 
NEGATIVE SUPPLY (V) 


FIGURE 13. SWITCHING TIME vs NEGATIVE SUPPLY VOLTAGE 


+ Theoretically, leakage current will continue to decrease below 25°C. But due to environmental conditions, leakage measurements below 
this temperature are not representative of actual switch performance. 
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Typical Performance Curves (Continued) 


350 
V+=+415V, V- =-15V, Ry, = 1kQ 


300 Cy = 35pF, Var = OV, Ta = 25°C 


SWITCHING TIME (ns) 


INPUT LOGIC THRESHOLD (V) 


S® +6 +7 «#$+8 «+9 #++10 +11 +12 +13 +14 «+15 
DIGITAL INPUT AMPLITUDE (V) POWER SUPPLY VOLTAGE (V) 


FIGURE 14. SWITCHING TIME vs INPUT LOGIC AMPLITUDE FIGURE 15. INPUT SWITCHING THRESHOLD vs POSITIVE 
AND NEGATIVE SUPPLY VOLTAGES 


g 
z é 
: : 
Lu 
E - 
: P 
: : 
< o 
<= 
oO 
V+ = +15V, V- = -15V 
Cy. = 1000pF, Riy = 02 
-10 5 0 +5 +10 
ANALOG INPUT (V) ANALOG INPUT (V) 
FIGURE 16. CHARGE INJECTION vs ANALOG INPUT FIGURE 17. CAPACITANCE vs ANALOG INPUT 
140 
V+ = +15V, V- =-15V V+ = +15V, V- = -15V 
120 | Yin=3Vrms, Va = 3V Vin = 3Vams;, Va = 3V 
ta 100 
eo tt=tliT | | : 
S 80 aruiid a "4 
— ad 
q = < 
o 60 D 
Le c 
Oo 40 a 


20 | OFF ISOLATION = 20 Log 


Vo. 
0 0 
10K 100K 1M 10M 10K 100K 1M 10M 
FREQUENCY (Hz) FREQUENCY (Hz) 
FIGURE 18. OFF ISOLATION vs FREQUENCY FIGURE 19. CROSSTALK vs FREQUENCY 
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Test Circuit 


SWITCH 
OUTPUT 


Vin = +10V 2 Vo 
LOGIC 
INPUT R 
L 
Vo = 
oO IN RL +Ton 
GND CL INCLUDES CrixturRE + CproBe 


FIGURE 20. SWITCHING TEST CIRCUIT (ton, torr1, torre) 


Switching Characteristics 


Typical delay, ton, torr, settling time and switching transients in this circuit. If Ry or C__ is increased, there will be corresponding 
increases in rise and/or fall RC times. 


V+ = +15V 


” 
Ww 
i 
O 
FE 
> 
7 


FIGURE 21A. 


LOGIC INPUT 


$3 
3 


i. ; : 
$5. H . 
as iu 
Poms oman SETS TEESE > “os 
: ; : a 


LOGIC INPUT (V) 


FIGURE 21B. 
FIGURE 21. SWITCHING CHARACTERISTICS vs INPUT VOLTAGE 
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Switching Characteristics (continued) 


+10 


eGR SEREELISETeCESS OYE SS ee LTE SS RBS 52 5 be heel 
eroucanaccexet ‘ Ne 


to 
FIGURE 22A. Viy = +10V FIGURE 22B. Vin = +5V 


FIGURE 22C. Vj = OV FIGURE 22D. Vin = -5V 


j 


4. ~ ~ape gyn aeRO IF EE 
she 


FIGURE 22E. Vy =-10V 
FIGURE 22. Vo - OUTPUT SWITCHING WAVEFORMS 


13-80 


HI-201HS 


Application Information 
Logic Compatibility 


The HI-201HS is TTL compatible. Its logic inputs (pins 1, 8, 
9, and 16) are designed to react to digital inputs which 
exceed a fixed, internally generated TTL switching threshold. 
The HI-201HS can also be driven with CMOS logic (OV- 
15V), although the switch performance with CMOS logic will 
be inferior to that with TTL logic (OV-5V). 


The logic input design of the HI-201HS is largely responsible 
for its fast switching speed. It is a design which features a 
unique input stage consisting of complementary vertical 
PNP and NPN bipolar transistors. This design differs from 
that of the standard HI-201 product where the logic inputs 
are MOS transistors. 


Although the new logic design enhances the switching 
speed performance, it also increases the logic input leakage 
currents. Therefore, the HI-201HS will exhibit larger digital 
input leakage currents in comparison to the standard HI-201 
product. 


Charge Injection 


Charge injection is the charge transferred, through the 
internal gate-to-channel capacitances, from the digital logic 
input to the analog output. To optimize charge injection per- 
formance for the HI-201HS, it is advisable to provide a TTL 
logic input with fast rise and fall times. 


lf the power supplies are reduced from +15V, charge 
injection will become increasingly dependent upon the digital 
input frequency. Increased logic input frequency will result in 
larger output error due to charge injection. 


Power Supply Considerations 


The electrical characteristics specified in this data sheet are 
guaranteed for power supplies tVs = +15V. Power supply volt- 
ages less than +15V will result in reduced switch performance. 
The following information is intended as a design aid only. 


POWER SUPPLY 
VOLTAGES SWITCH PERFORMANCE 


+12 <+Vsg +15V Minimal Variation 


tVs <+12V Parametric variation becomes increasingly 
large (increased ON resistance, longer 
switching times). 


tVs <+10V Not Recommended. 
tVs > +16V Not Recommended. 


Single Supply 


The switch operation of the HI-201HS is dependent upon an 
internally generated switching threshold voltage optimized for 
+15V power supplies. The HI-201HS does not provide the 
necessary internal switching threshold in a single supply sys- 
tem. Therefore, if single supply operation is required, the 
HI-300 series of switches is recommended. The HI-300 series 
will remain operational to a minimum +5V single supply. 


Switch performance will degrade as power supply voltage is 
reduced from optimum levels (+15V). So it is recommended 
that a single supply design be thoroughly evaluated to 
ensure that the switch will meet the requirements of the 
application. 


For Further Information See Application Notes AN520, 
AN521, AN531, AN532, AN543 and AN557. 
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HI-201HS 


Die Characteristics 


PASSIVATION: 


DIE DIMENSIONS: 


kA +1kA 
Silox Thickness: 12kA +2kA 


Type: Nitride Over Silox 
Nitride Thickness: 3.5 


2440um x 2860um x 485um +25um 


METALLIZATION: 


WORST CASE CURRENT DENSITY: 


9.5 x 104 A/cm? 


+2kA 


co 
3 3 
7s 
2 3S 
Ss & 
—— 


Metallization Mask Layout 


HI-201HS 


OUT2 


OUT1 


—— 
1... 
heey a 


IN1 


IN3 
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Sortirhis: Hl-222 


Complete Data Sheet available via web, Harris’ 
home page: http://www.semi.harris.com 


August 1997 or via Harris AnswerFAX, see Section 17 High Freq uency/Video Switch 
Features Description 
¢ Wideband Operation ...............e2000: 200MHz The HI-222 is a high frequency analog switch that 
¢ Differential Gain ............cccceeeeeeeeee 0.03% complements the Harris family of high speed op amps and 
° Differential Phase 0.003 Degrees buffers. Fabricated with our Dielectric Isolation process and 


using silicon gate technology, many key parameters have 


* SwWiching Soeed «i nccseecasevusanars cannes 100NS Leen enhanced. 
eet ©) \ 35Q Crosstalk and off isolation are optimized with a T-switch 
° Off Isolation at 10OMHZ .............eeeeeees “65dB configuration and the use of nonconnected pins for extended 
e Crosstalk at 1OMHz ............ ccc ccccceces -80dB_— Shielding. Other features of the HI-222 include wideband 
operation, low ron, fast switching speeds and low differential 
Applications gain and phase. The characteristics of this TTL compatible 
¢ Routing Switchers ° Medical Imaging device make it ideal for designs where improved switching 
e Production Mixers e Heads-Up Displays PercHmanee is quired, 
; Se + Sie P play The primary application of this dual SPST switch is the 
* High Definition TV a imulators routing of high frequency signals in equipment ranging from - 
¢ Radar Signal Conditioning ¢ Sonar video production mixers to military RF circuits. uw 
; For specifications on HI-222/883, refer to Harris Military 3 
Related Literature Analog Data book. = 
¢ HI-222/883 Data Sheet in 1989 Military Analog Data Book = 
Pinouts Ordering Information 
HI-222 (CERDIP, PDIP) (LOGIC “1” INPUT) 
TOP VIEW 


TEMP. 
PART NUMBER | RANGE (°C) 
HI4P0222-5 0to75 |20LdPLCC N20.35 
HI1-0222-5 0to75 |14LdCERDIP |F143 
HIS-0222-5 0to75 |14LdPDIP E143 
HI1-0222/883 -55to125 |14LdCERDIP |F143 
HI4-0222/883 -55to125 |20LdCLCC J20.A 


Functional Diagram 


TOP VIEW 


GND 
NC 
V+ 
NC 
NC 


41 
=3 
ou 
61 
= 
8 


e 
LOGIC INPUT 


NOTE: Source and Drain are arbitrarily depicted as Analog Input and Output, respectively. They may be interchanged without affecting 
performance. All nonconnected pins should be tied to ground. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 31 24.1 
Copyright © Harris Corporation 1997 13-83 
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Features 

e Analog Signal Range (+15V Supplies) ........ +15V 
e Low Leakage at 25°C (Typ) .........ceeeeeees 40pA 
e Low Leakage at 125°C (Typ) ........0.eceeeees 1nA 
e Low On Resistance at 25°C (Typ) ...........085 35Q 
e Break-Before-Make Delay (Typ) .............65: 60ns 
* Charge (INSCUON o6cccdvesacsivensavoxecomns 30pC 


TTL, CMOS Compatible 
Symmetrical Switch Elements 
Low Operating Power (Typ for HI-300 - 303) ... 1.0mW 


Applications 


Sample and Hold (i.e., Low Leakage Switching) 
Op Amp Gain Switching (i.e., Low On Resistance) 
Portable, Battery Operated Circuits 

Low Level Switching Circuits 

Dual or Single Supply Systems 


Pinouts (Switch States are for a Logic “1” Input) 


DUAL SPST HI-300 AND HiI-304 
TOP VIEWS 
(CERDIP, PDIP, SOIC) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 


(METAL CAN) 


t The substrate and case are 
internally tied to V-. (The case 
should not be used as the V- 
connection, however.) 


DUAL DPST HI-302 AND HI-306 (PDIP, CERDIP, SOIC) 
TOP VIEW 


LOGIC SWITCH 


Hl-300 thru HI-307 


CMOS Analog Switches 


Description 


The HI-300 thru HI-307 series of switches are monolithic 
devices fabricated using CMOS technology and the Harris 
dielectric isolation process. These switches feature break- 
before-make switching, (HI-301, HI-303, HI-305 and HI-307 
only), low and nearly constant ON resistance over the full ana- 
log signal range, and low power dissipation, (a few mW for the 
HI-300 thru HI-303, a few hundred mW for the HI-304 thru 
HI-307). 


The HI-300 thru HI-303 are TTL compatible and have a logic 
“0” condition with an input less than 0.8V and a logic “1” condi- 
tion with an input greater than 4V. The HI-304 thru HI-307 
switches are CMOS compatible and have a low state with an 
input less than 3.5V and a high state with an input greater than 
11V. (See pinouts for switch conditions with a logic “1” input.) 


SPST HI-301 AND HI-305 
TOP VIEWS 
(CERDIP, PDIP, SOIC) 


(METAL CAN) 


+ The substrate and case are 
internally tied to V-. (The case 
should not be used as the V- 
connection, however.) 


(tocie [Swi | sw 


DUAL SPDT HI-303 AND HI-307 (PDIP, CERDIP, SOIC) 
TOP VIEW 


File Number 


13-84 


3125.1 


HI-300 thru HI-307 


=== 
NUMBER | RANGE (°C) 

HI1-0304-2 65 to 125 |14Ld CERDIP 

14 Ld CERDIP 


10 Pin Metal Can |710.B 
(TO-100) 
0 to 75 10 Pin Metal Can {|1710.B 


0to 75 14 Ld PDIP E14.3 
14 Ld CERDIP F14.3 
14 Ld CERDIP F143 


10 Pin Metal Can |710.B 
(TO-100) 
10 Pin Metal Can |710.B 
(TO-100) 


14.Ld PDIP 
14Ld SOIC 
14.Ld CERDIP 
14 Ld PDIP 
14 Ld CERDIP 
14 Ld CERDIP 
14.Ld PDIP 
14Ld SOIC 


Ordering Information 


PART TEMP. 
NUMBER | RANGE (°C) 
HI1-0300-2 | 8510125 | 14 Ld CERDIP F14.3 


HI1-0300-5 0 to 75 14 Ld CERDIP F14.3 


HI2-0300-2 -55 to 125 | 10 Pin Metal Can 


(TO-100) 


T10.B H11-0304-5 0 to 75 


HI2-0304-2 -55 to 125 


HI2-0300-5 0 to 75 10 Pin Metal Can 


(TO-100) 


T10.B 


HI2-0304-5 


HI3-0300-5 0to 75 14 Ld PDIP E14.3 


HI1-0301-2 14 Ld CERDIP F14.3 HI3-0304-5 


H11-0301-5 0 to 75 14 Ld CERDIP F14.3 HI1-0305-2 -55 to 125 


HI2-0301-2 -55 to 125 


10 Pin Metal Can 
(TO-100) 


T10.B HI1-0305-5 0 to 75 


HI2-0305-2 -55 to 125 


Hl2-0301-5 0 to 75 10 Pin Metal Can 


(TO-100) 


T10.B 


HI2-0305-5 0 to 75 


HI3-0301-5 0 to 75 14 Ld PDIP E14.3 


HI9P0301-5 Oto 75 14 Ld SOIC M14.15 HI3-0305-5 0 to 75 


” 
Ww 
= 
O 
S 
= 
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HI1-0302-2 -55 to 125 |14LdCERDIP F14.3 HI9P0305-5 Oto 75 


HI1-0302-5 0to 75 14 Ld CERDIP F14.3 HI1-0306-5 0to 75 


HI3-0302-5 0 to 75 14 Ld PDIP E14.3 HI3-0306-5 0to 75 


HI9P0302-5 0 to 75 14 Ld SOIC M14.15 HI1-0307-2 -55 to 125 


H11-0303-2 -55 to125 |14LdCERDIP F14.3 H11-0307-5 0 to 75 


HI1-0303-5 Oto 75 14 Ld CERDIP F14.3 HI3-0307-5 0 to 75 


HI3-0303-5 Oto 75 14 Ld PDIP E14.3 HI9P0307-5 0to 75 


jm 
O 
a." 
oO 
= 


HI9P0303-5 0to 75 14 Ld SOIC M14.15 


Functional Block Diagram 
TYPICAL SWITCH HI-300 SERIES 
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HI-300 thru HI-307 


Schematic Diagrams 


SWITCH CELL 


V+e 


>| > 


' SWITCH CELL DRIVER 
"(ONE PER SWITCH CELL) 
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HI-300 thru HI-307 


Absolute Maximum Ratings Thermal Information 
Voltage Between Supplies .............00000 eee ee 44V (+22V) Thermal Resistance (Typical, Note 1) Ba (CCIW) ®8jc (°C/W) 
Digital Input VORSOS 1. nce ieee ntaccvew ee ewere +VsuppLy +4V CERDIP PACKEGE .s6cscsesnsaweis 95 40 
-VsuppPLy -4V POI FOCKROG cuca xevn cae eeuwe nine 100 N/A 
Analog input Voltage ............ 0. eee eee +VsuppLy +1.5V SOIC POCKBUG ..c0ccanensereeeres 120 N/A 
-VsuppLy -1.5V 10 Pin TO-100 Metal Can Package... 160 75 
Typical Derating Factor.......... 1.5mA/MHz Increase inICCOP Maximum Junction Temperature 
BS CSS COU oc sake dv carbake Pade ed oe ues ieee Class 1 CERDIF, TO-Car PAGKAOQGS 2.ccansscevedswannawewses 175°C 
; _ PDIP, SOIC Packages .............. cece eee eee eaee 150°C 
Operating Conditions Maximum Storage Temperature Range .......... -65°C to 150°C 
Temperature Range Maximum Lead Temperature (Soldering 10s)............. 300°C 
BPG ook aueeiabesswes nndansuoweseawe -55°C to 125°C (SOIC - Lead Tips Only) 
POs cancaereeh secant sosetes ees done nny 0°C to 75°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Supplies = +15V, -15V; Vix, = Logic Input. HI-300-303: Vjjy - for Logic “1” = 4V, for Logic “0” = 0.8V. 
HI-304-307: Vinx - for Logic “1” = 11V, for Logic “0” = 3.5V, Unless Otherwise Specified 


SWITCHING CHARACTERISTICS 
Break-Before-Make Delay, topen (Note 15) 
Switch On Time, ton (Note 13) 

Switch Off Time, torr (Note 13) 

Switch Off Time, ton (Note 14) 

Switch Off Time, torr (Note 14) 

“Off Isolation” (Note 6) 


210 
160 


ie) 
oO 
Oo 


Charge Injection (Note 7) m 


Input Switch Capacitance, Cg(oFF) 


a 


Output Switch Capacitance, CpoFF) 


a 


Output Switch Capacitance, Cp(on) 


a 


(High) Digital Input Capacitance, Cijy 


mom coms mcm mom me) 


(Low) Digital Input Capacitance, Cij 
DIGITAL INPUT CHARACTERISTICS 


Input Low Level, Vin (Note 13) Full 
Input High Level, Vinz (Note 13) Full 


ANALOG SWITCH CHARACTERISTICS 


Analog Signal Range 


On Resistance, ron (Note 2) | se 


Off Input Leakage Current, Ig(oFF) (Note 3) | 


+15 +15 V 


75 


Ni 


lL PPL 


3 
> 


5 


= 
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HI-300 thru HI-307 


Electrical Specifications Supplies = +15V, -15V; Vy = Logic Input. HI-300-303: Vin - for Logic “1” = 4V, for Logic “0” = 0.8V. 
HI-304-307: Vinx - for Logic “1” = 11V, for Logic “0” = 3.5V, Unless Otherwise Specified (Continued) 


_55O Oo 0 Oo 
TEMP 55°C TO 125°C o’C TO 75°C 
PARAMETER (°C) TYP YP 
Off Output Leakage Current, Ip(oFF) (Note 3) 
Full 


On Leakage Current, Ip(on) (Note 4) 


_ 


—_h 


UNITS 


0 


Oo 
=) 


od ak 
oO 


oO 


=| 
> 


p=) B Aa 


Full 1 


> 


POWER SUPPLY CHARACTERISTICS 
Current, l+ (Notes 8, 13) 


Full 


Current, I- (Notes 8, 13) 


nN 
on 


0.01 100 


Full 100 
Current, |+ (Notes 9, 13) 


Full 


cok 
oO 


Current, l- (Notes 9, 13) 0.01 


Full 


ads 
oO 
oO 


PPPPPPPPPP BBP E 


Current, l+ (Notes 10, 14) 100 


Full 100 


Current, I- (Notes 10, 14) 100 
Full 


Current, l+ (Notes 11, 14) 0.0 


Full 
Current, I- (Notes 11, 14) 


: Oo 
oO 


calls 
io) 


Full 


NOTES: 


1. As with all semiconductors, stresses listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting 
in permanent damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. The conditions listed under “Electrical Specifications” are the only conditions recommended for satisfactory operation. 


. Vg = £10V, lout = #10mA. On resistance derived from the voltage measured across the switch under the above conditions. 
. Vg =+14V, Vp = F14V. 

. Vg = Vp = +14V. 

. The digital inputs are diode protected MOS gates and typical leakages of 1nA or less can be expected. 

. Vg = 1Vpms, f = 500kHz, C, = 15pF, Ry = 1K. 


. Vg = OV, C, = 10,000pF, Logic Drive = 5V pulse. (HI-300 - 303) Switches are symmetrical; S and D may be interchanged. 
Logic Drive = 15V (HI-304 - 307). 


8. Vin = 4V (one input) (all other inputs = OV). 
9. Vin = 0.8V (all inputs). 
10. Vin = 15V (all inputs). 
11. Vin = OV (all inputs). 
12. To drive from DTL/TTL circuits, pullup resistors to +5V supply are recommended. 
13. HI-300 thru HI-303 only. 
14. HI-304 thru HI-307 only. 
15. HI-301, HI-303, HI-305, HI-307 only. 


NO f—& WD NY 


13-88 


HI-300 thru HI-307 


Typical Performance Curves 


V+ = +15V, V- = -15V 


DRAIN TO SOURCE ON RESISTANCE (Q) 


DRAIN VOLTAGE (V) 


FIGURE 1. Rps(on) V8 Vp AND TEMPERATURE 


100 
V+ = +15V, V- =-15V 


Ta = 25°C, Vg = 15V, Ry = 2K 


10 


POWER DISSIPATION (mW) 


0.1 
1 10 100 1K 10K 100K 1M 


LOGIC SWITCHING FREQUENCY (50% DUTY CYCLE) (Hz) 


FIGURE 3. DEVICE POWER DISSIPATION vs SWITCHING 
FREQUENCY SINGLE LOGIC INPUT 


1.0 


ee 
= 


SOURCE OR DRAIN OFF 
LEAKAGE CURRENT (nA) 


0.01 


TEMPERATURE (°C) 


FIGURE 5. Is(ofF) OR Ip(orr) Vs TEMPERATURE + 


A V+ = +15V, V- = -15V 
B V+ =+10V, V- = -10V 
C V+ = +7.5V, V- = -7.5V 
D V+ = +5V, V- = -5V 


DRAIN TO SOURCE ON RESISTANCE (Q) 


DRAIN VOLTAGE (V) 


FIGURE 2. rps(on) V8 Vp AND POWER SUPPLY VOLTAGE 


V+ = +15V, V- =-15V 
CLoap = 30pF, Vs = 1Vams 


”) 
WW 
“s 
O 
= 
= 
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OFF ISOLATION (dB) 


FREQUENCY (Hz) 


FIGURE 4. OFF ISOLATION vs FREQUENCY 


ID(ON) CHANNEL LEAKAGE (nA) 


TEMPERATURE (°C) 


FIGURE 6. Ip(on) VS TEMPERATURE + 


+ The net leakage into the source or drain is the N-Channel leakage minus the P-Channel leakage. This difference can be positive, negative 
or zero depending on the analog voltage and temperature, and will vary greatly from unit to unit. 
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HI-300 thru HI-307 


Typical Performance Curves (continued) 


‘TTT Te] TT 
Se 


LOGIC INPUT (V) 


a 2 
TS is0e rea oT 


OUTPUT VOLTAGE (V) 
x 
a 


Skee See 
Rahs 2 
0 0.4 0.8 1.2 1.6 


TIME (118) TIME (us) 
FIGURE 7C. Vin(Loaic) vs TIME FIGURE 7D. Voyrt vs TIME 


S 
Ww = 
©} WwW 
i a - 
ro) E 
> 0 Sa EB SESS SSR ee- . — 3 
5 
a. = 
5 a 
Fs = 
fe) 
0 0.4 0.8 1.2 1.6 
TIME (us) TIME (us) 
FIGURE 7E. Vout vs TIME FIGURE 7F. Vout vs TIME 
= 
u = 
Ww 
4 S 
= x 
re) al 
S 
2 : 
= = 
2 E 
fe) 
0 0.4 0.8 1.2 1.6 
TIME (us) TIME (18) 
FIGURE 7G. Voyrt vs TIME FIGURE 7H. Vout vs TIME 


NOTE: If Ragen, Ry or Cy, is increased, there will be proportional increases in rise and/or fall RC times. 
FIGURE 7. TYPICAL DELAY, RISE, FALL, SETTLING TIMES AND SWITCHING TRANSIENTS 
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HI-300 thru HI-307 


Typical Performance Curves (Continued) 


60 
Te 
— 

™ " 

w 50 = 

oO ed 

2 Oo 

= & 

Oo < 

= 40 : 

< 5 TRANSITION (INDETERMINATE 

Z = DUE TO ACTIVE INPUT) seann WE Wises 

5 F< 

a 30 

i] 

re) 

20 
0 2 4 6 8 10 12 14 16 
DRAIN VOLTAGE (V) INPUT VOLTAGE (V) 


FIGURE 8. OUTPUT ON CAPACITANCE vs DRAIN VOLTAGE FIGURE 9. DIGITAL INPUT CAPACITANCE vs INPUT VOLTAGE 


V+ = +15V, V- =-15V 
ViINH = 15V, Vint = OV 


V+ = +15V, V- = -15V 


Y) 
= 
Vinny = 4.0V, Vin = OV 
INH = 4.0V, VinL O 
= 
> 
~” 


SWITCHING TIME (ns) 


SWITCHING TIME (ns) 


55 35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) TEMPERATURE (°C) 


FIGURE 10. SWITCHING TIME vs TEMPERATURE, HI-300 THRU) = FIGURE 11. SWITCHING TIME vs TEMPERATURE, HI-304 THRU 
HI-303 HI-307 


V+ = +15V, Ta = 25°C 


V+ = +15V, Ta = 25°C 
VinH = 15V, Vint = OV 


VinH = 4V, Vint = OV 


a 
— 3 
S r 
F: - 
: : 
z = 
= oO 
oO =a 
= > 
Fs ” 
” 
NEGATIVE SUPPLY (V) NEGATIVE SUPPLY (V) 
FIGURE 12. SWITCHING TIME vs NEGATIVE SUPPLY FIGURE 13. SWITCHING TIME vs NEGATIVE SUPPLY 
VOLTAGE, HI-300 THRU HI-303 VOLTAGE, HI-304 THRU HI-307 
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HI-300 thru HI-307 


Typical Performance Curves (continued) 


V- = -15V, Ta = 25°C 
Vinh = 4.0V, Vine = OV 


V- = -15V, Ta = 25°C 
VINH = 15V, Vint = OV 


SWITCHING TIME (ys) 
SWITCHING TIME/BREAK-BEFORE-MAKE TIME (1s) 


POSITIVE SUPPLY VOLTAGE (V) POSITIVE SUPPLY VOLTAGE (V) 
FIGURE 14. SWITCHING TIME vs POSITIVE SUPPLY VOLTAGE, FIGURE 15. SWITCHING TIME AND BREAK-BEFORE-MAKE 
HI-304 THRU HI-307 TIME vs POSITIVE SUPPLY VOLTAGE, HI-300 
THRU HI-303 


V- = -15V, Ta = 25°C 
HI-304 THRU 3 


INPUT SWITCHING THRESHOLD VOLTAGE (V) 


0 5 10 15 
POSITIVE SUPPLY VOLTAGE (V) 


FIGURE 16. INPUT SWITCHING THRESHOLD vs POSITIVE SUPPLY VOLTAGE, HI-300 THRU HI-307 
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HI-300 thru HI-307 


Test Circuits and Waveforms 


LOGIC “1” = SWITCH ON 


LOGIC 
INPUT VINH CLy = C2 = 33pF 
LOGIC “1” = SWITCH ON a 
LOGIC VinH 
ue f = | — 50% 50% 
ov OUT 1 
Vs I | 
I 
1 f90% | 10% SWITCH OuT2 
ov JN 0% OUTPUT adv x ! ff 50% 
switch _.! ',  1_tOrF | sak 
OUTPUT ‘ton’ ' tpaM—e| le — >! |. teem 
FIGURE 17. SWITCHING TEST CIRCUIT (ton, torr) FIGURE 18. BREAK-BEFORE-MAKE TEST CIRCUIT (tg5ny 


Rii = Rig = 3002 
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HARRIS HI-3871 thru Hi-390 


aD 


August 1997 CMOS Analog Switches 


Features Description 

e Analog Signal Range (+15V Supplies) ........ +15V_ The HI-381 thru HI-390 series of switches are monolithic de- 
* LOW LORRBOE 6 acdesides cased cede cenene enna 40pA vices fabricated using CMOS technology and the Harris dielec- 
e Low On Resistance ...........00cceeeeeeeeees 35. _ tric isolation process. These devices are TTL compatible and 
° Break-Before-Make Delay .................05- 60ns 2'e available in four switching configurations. (See device 


pinout for particular switching function with a logic “1” input.) 


® Charge INnlection ..scccsvwusscesssvncswaress 30pC 

¢ TTL Compatible These switches feature low leakage and supply currents, low 

¢ Symmetrical Switch Elements and nearly constant ON resistance over the analog signal 

e Low Operating Power ...........e0eeeeeees 1.0mw_ ange, break-before-make switching and low power dissipa- 
tion. 

Applications 


e Sample and Hold (i.e., Low Leakage Switching) 

¢ Op Amp Gain Switching (i.e., Low On Resistance) 
e Portable, Battery Operated Circuits 

e Low Level Switching Circuits 

¢ Dual or Single Supply Systems 


Pinouts (Switch States are for a Logic “1” Input) 


DUAL SPST HI-300 AND HI-304 SPST HI-301 AND HI-305 
TOP VIEWS TOP VIEWS 


(METAL CAN) (CERDIP, PDIP) 


(CERDIP, PDIP) (METAL CAN) 


+ The substrate and case are 
internally tied to V-. (The case 
should not be used as the V- 
connection, however.) 


+t The substrate and case are 
internally tied to V-. (The case 
should not be used as the V- 
connection, however.) 


TLoaic | Swi | sw2_ 


| 0 OFF | ON 


DUAL DPST HI-384 (CERDIP, PDIP) 
TOP VIEW 


DUAL SPDT HI-390 (CERDIP, PDIP, SOIC) 
TOP VIEW 


logic | _swi-4_ 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


File Number 3126.1 


Copyright © Harris C tion 1997 
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HI-381 thru HI-390 


Ordering Information Functional Block Diagram 


PART TEMP. RANGE TYPICAL SWITCH 3XX SERIES 
NUMBER (°c) 


farasere | S610 _[vaacenor [Fis 


Schematic Diagrams 


vassonss | s5ior28 [retacenor [ries 


” 
uu 
ie 
O 
a 
= 
7) 


GND ¢ 


SWITCH CELL DRIVER 
(ONE PER SWITCH CELL) 
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HI-381 thru HI-390 


Absolute Maximum Ratings Thermal Information 
Voltage Between Supplies ..................0000 44V (t22V) Thermal Resistance (Typical, Note 1) Oya (CCIW) 8jc (CC/W) 
Digital Input Voltage ............... 0... eee eee +Vsuppty +4V 14 Ld CERDIP Package ............ 95 40 
-VsuppLy -4V 16 Ld CERDIP Package ........... 90 36 
Anaiog Input VONAQS « ccsccscaccccvasicasaes +VsupPLy +1.5V POIP PRCKAQG 622k si nncauwesaaewn 100 N/A 
-VsuppLy -1-9V SOIC PACKAGS:; cc ccek sow geverssas 100 N/A 
Metal Can Package............... 160 75 
Operating Conditions Maximum Junction Temperature 
hecersiure Seances Hermetic Package ....... 0... .. 6 see eee eee eee ee ees 175°C 
He Ae eo werupeconenaaesoneereeseononss, -55°C to 125°C Pi hieccihlicanine coaieei tek Range ......... -65°C to bs 
Pins es ee beeeedheake nage esevendaepeud 0°C to 75°C al aici —lebe aial iil santa 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8), is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Supplies = +15V, -15V; Vix = Logic Input. Vjjy for Logic “1” = 4V, for Logic “O” = 0.8V, 
Unless Otherwise Specified 


ee ee ee 
_exmmeren __|esrconomone| 8S) [ane [oar Pat [rr [wr] wr 


SWITCHING CHARACTERISTICS 


Break-Before-Make Delay, topen 
(HI-387/HI-390 Only) 


Switch On Time, ton 
Switch Off Time, torr 
“Off Isolation” 


nN 
— 
oO 


ote 5) 
Charge Injection ote 6) 


Input Switch Capacitance, Cs(oFF) 


no) 
mn 


=_ 
> 


Output Switch Capacitance, Cp(oFF) 


ne} 


no) 
“A 


Output Switch Capacitance, Cp(on) 
Digital Input Capacitance (High), Cin 


Digital Input Capacitance (Low), Cij 
DIGITAL INPUT CHARACTERISTICS 
Input Low Level, Vin 


Full 
Full 
Full 
Full 


Input High Level, Vinny 
Input Leakage Current (Low), lini Note 4) 


Note 4) 


PPI 


Input Leakage Current (High), linn 
ANALOG SWITCH CHARACTERISTICS 


Analog Signal Range 


On Resistance, ron (Note 1) 
Off Input Leakage Current, Is(oFF) (Note 2) 
Off Output Leakage Current, Ip(orF) | (Note 2) 


On Input Leakage Current, Is(on) (Note 3) 


Full - 


Full 


Full 


oO 
a 


or on 
sis si5 


= | 
> 


Full 


= 
>| > 


— + 
| 
ok, oO _ 


Full 


_ 
Oo 
2) 


pa 
on 
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HI-381 thru HI-390 


Electrical Specifications Supplies = +15V, -15V; Vix = Logic Input. Vjjy for Logic “1” = 4V, for Logic “0” = 0.8V, 


Unless Otherwise Specified (Continued) 


TEMP 
_—ewmeren__[resrcoromone | "SS)_ ame [ rer Pm am [ma were 


POWER SUPPLY CHARACTERISTICS 


Current, 1 j(Note7) TT oo | os || | 0.009 | 
re i oe eee eae 


— a 


| =| 0.01 | 

ee a a 

Current, a ee ee 
a 

| = | 0.01 | 

a oe 


aah —_ 
° °o 
° ro) 
r=) >) 
—_ os 


|05 | mA 
| 100 | vA 
Leal 
| 100 | vA 
i 
[100 | vA 
fA 


NOTES: 
2. Vg = +10V, lout = #10mA. On resistance derived from the voltage measured across the switch under the above conditions. 
. Vg = £14V, Vp = F14V. 
. Vg = Vp = +14V. 
. The digital inputs are diode protected MOS gates and typical leakages of 1nA or less can be expected. 
. Vg = 1Vpms; f = 500kKHz, Cy, = 15pF, Ry = 1K, C_ = CeixTURE + Cprope “off isolation” = 20 Log Vs/Vp. 
Vs = OV, Cy = 10,000pF, Logic Drive = 5V pulse. Switches are symmetrical; S and D may be interchanged. 
. Vin = 4V (one input) (all other inputs = OV). 
. Vin = 0.8V (all inputs). 


©OMN DO FW 


Typical Performance Curves 


V+ = +15V, V- =-15V 


'ps(On) (2) 


B V+ = +10V, V- = -10V 
C V+ = +7.5V, V- =-7.5V 
D V+ = +5V, V- =-5V 


0 
-15 -10 “5 0 5 10 15 
DRAIN VOLTAGE (V) DRAIN VOLTAGE (V) 
FIGURE 1. rps(on) V8 Vp AND TEMPERATURE FIGURE 2. rps(on) VS Vp AND POWER SUPPLY VOLTAGE 
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HI-381 thru HI-390 


Typical Performance Curves (continued) 


100 
V+ = +15V, V- =-15V 


Ta = 25°C, Vg = 15V, Ry = 2K 


V+ = +15V, V- =-15V 


CLoap = 30pF, Vs = 1Vams 
ee ees ee Gee 


=_ 
oO 


1.0 +--+ 


POWER DISSIPATION (mW) 
OFF ISOLATION (dB) 


0.1 
1 10 100 1K 10K 100K 1M 
LOGIC SWITCHING FREQUENCY (50% DUTY CYCLE) (Hz) FREQUENCY (Hz) 
FIGURE 3. DEVICE POWER DISSIPATION vs SWITCHING FIGURE 4. OFF ISOLATION vs FREQUENCY 
FREQUENCY (SINGLE LOGIC INPUT) 
(Of ——————— 

_————— IVpl=1Vg l= 14V 
any Ee ime 
ee EE Se 

2 ie eee eee 
A 1.0 
Cc I Se a 
Le SIRE EEL EL TE LLL LAA L ALE DATED 
o A TA Aa! ART 3 
5 Ree ee a > 
e (ee eee fe) 
7 es eee (=) 
"7 0.1 —_————————s LS 0.1 
7 ——— ———— 
© SELES) | LETTE EEA, |SITE TLE SEE, 
PA: AE MNT 
in HA Bae 
a a 0.01 
25 75 125 
TEMPERATURE (°C) TEMPERATURE (°C) 
FIGURE 5. Is(oFr) OR Ip(orF) vs TEMPERATURE (NOTE) FIGURE 6. Ip(on) Vs TEMPERATURE (NOTE) 


NOTE: The net leakage into the source or drain is the N-Channel leakage minus the P-Channel leakage. This difference can be positive, 
negative or zero depending on the analog voltage and temperature, and will vary greatly from unit to unit. 


70 16 


TRANSITION (INDETERMINATE 
DUE TO ACTIVE INPUT) 


Cron) (PF) 
r= 
Cin (PF) 
eo 


HI-381 THRU HI-390 


oh 
, — | t | | |. | 
0 2 4 6 8 10 12 14 1 


0 2 a 6 8 10 12 14 16 6 
FIGURE 7. OUTPUT ON CAPACITANCE vs DRAIN VOLTAGE FIGURE 8. DIGITAL INPUT CAPACITANCE vs INPUT VOLTAGE 


DRAIN VOLTAGE (V) INPUT VOLTAGE (V) 
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HI-381 thru HI-390 


Typical Performance Curves (Continued) 


+15V ¢ 


= 

= 

Z 

Oo 

ro) 

Sg 

0 0.4 0.8 1.2 1.6 
TIME (1s) 
FIGURE 9B. Vij LOGIC vs TIME 
|| | {[ | = | | [| fl 
2 ain | | Ft S 
- = as oe 
onl al 
8 0 So ja na 
c a ” 
E co ae a 
o> | | { | | =¢ [{[ | | { | o | | {| | | =] [| { | | fr 
|| | {[ | = {| | [ if | { | | | $f] | } ft | = 
0 0.4 0.8 1.2 1.6 0 0.4 0.8 1.2 1.6 
TIME (118) TIME (us) 
FIGURE 9C. Voyrt vs TIME FIGURE 9D. Voyrt vs TIME 

S = 
os Ha i GD = g 
- 
So i 3 
5b 45 : 
: : 


oe ae 
0 0.4 


0.8 1.2 1.6 
TIME (us) 


FIGURE 9E. Voyt vs TIME 


OUTPUT VOLTAGE (V) 


FIGURE 9G. Vout vs TIME 
NOTE: If Rgen, Rr, or C_ is increased, there will be proportional increases in rise and/or fall RC times. 


FIGURE 9. TYPICAL DELAY, RISE, FALL, SETTLING TIMES AND SWITCHING TRANSIENTS 
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HI-381 thru HI-390 


Typical Performance Curves (continued) 


V+ = +15V, V- =-15V 
ViINH = 4.0V, Vint = OV 


55 35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


FIGURE 10. SWITCHING TIME vs TEMPERATURE, HI-381 THRU 
HI-390 


V- = -15V, Ta = 25°C 
Vino = 4.0V, Vint = OV 


ton, torr (18) 


POSITIVE SUPPLY VOLTAGE (V) 


FIGURE 12. SWITCHING TIME vs POSITIVE SUPPLY VOLTAGE, 
HI-381 THRU HI-390 


V+ = +15V, Ta = 25°C 
— Vino = +4V, Vint = OV 


ton, torr (ns) 


NEGATIVE SUPPLY (V) 


FIGURE 11. SWITCHING TIME vs NEGATIVE SUPPLY 
VOLTAGE, HI-381 THRU HI-390 


INPUT SWITCHING THRESHOLD VOLTAGE (V) 


POSITIVE SUPPLY VOLTAGE (V) 


FIGURE 13. INPUT SWITCHING THRESHOLD vs POSITIVE 
SUPPLY VOLTAGE, HI-381 THRU HI-390 
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m HARRIS ,_HI-5040 thru HI-5051, 
semiesdeee'e* HI-5046A and HI-5047A 


August 1997 CMOS Analog Switches 
Features Description 
e Wide Analog Signal Range................5- +15V_ This family of CMOS analog switches offers low resistance 


switching performance for analog voltages up to the supply 
rails and for signal currents up to 80mA. “ON” resistance is 
e High Current Capability (Typ)................ 80mA__low and stays reasonably constant over the full range of 
ie operating signal voltage and current. ron remains 
* Break-Before-Make Switching exceptionally constant for input voltages between +5V and 
- Turn-On Time (Typ) ......-..2eeeeeeeeeeee 370NS_ -5V and currents up to 50mA. Switch impedance also 
- Turn-Off Time (Typ) .........0eeeeeeeeees 280ns__ changes very little over temperature, particularly between 
Nlectiatchally 0°C and 75°C. ron is nominally 25Q for HI-5048 through 
HI-5051 and HI-5046A and HI-5047A and 50Q for HI-5040 

¢ Input MOS Gates are Protected from Electrostatic through HI-5047. 
Discharge 


e Low “ON” Resistance (Typ) ............2ee00- 252 


All devices provide break-before-make switching and are 

e DTL, TTL, CMOS, PMOS Compatible TTL and CMOS compatible for maximum application 

versatility. Performance is further enhanced by Dielectric 

, ‘ Isolation processing which insures latch-free operation with 

Applications very low input and output leakage currents (0.8nA at 25°C). 

. Hi +e he This family of switches also features very low power 
Page Seana eee als operation (1.5mW at 25°C). 


”) 
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e Sample and Hold 
P There are 14 devices in this switch series which are 


¢ Digital Filters differentiated by type of switch action and value of Ron (see 
Functional Description). All devices are available in 16 lead 
DIP packages. The HI-5040 and HI-5050 switches can 
directly replace IH-5040 series devices except IH5048, and 
are functionally compatible with the DG180 and DG190 
family. Each switch type is available in the -55°C to 125°C 
and 0°C to 75°C performance grades. 


e Operational Amplifier Gain Switching 


Functional Description Functional Block Diagram 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 13-104 
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HI-5040 Series 


PART TEMP. RANGE 
NUMBER (°C) 
HI1-5049-5 {6LdCERDIP | F163 


HI3-5049-5 0 to 75 16 Ld PDIP E16.3 


Ordering Information 


ec a ee oe 
NUMBER (°c) 


HI1-5041-5 0 to 75 16 Ld CERDIP 


H11-5050-5 0 to 75 16 Ld CERDIP F16.3 


F16.3 H11-5050-2 16 Ld CERDIP F16.3 


H11-5041-2 16 Ld CERDIP F16.3 HI3-5050-5 0 to 75 16 Ld PDIP 


HI3-5042-5 0 to 75 16 Ld PDIP E16.3 HI1-5051-5 0 to 75 16 Ld CERDIP F16.3 


HI1-5042-5 0 to 75 16 Ld CERDIP F16.3 HI1-5051-2 16 Ld CERDIP F16.3 


H11-5042-2 -55 to 125 16 Ld CERDIP F16.3 HI1-5051-7 0 to 75 


+ 96 Hr. Burn-in 


16 Ld CERDIP F16.3 


H11-5043-7 0 to 75 


+ 96 Hr. Burn-in 


16 Ld CERDIP F16.3 


HI4P5051-5 0 to 75 20 Ld PLCC 


H11-5043-2 -55 to 125 16 Ld CERDIP F16.3 HI3-5051-5 0 to 75 16 Ld PDIP 


HI3-5043-5 0 to 75 16 Ld PDIP E16.3 HI1-5040/883 -55 to 125 16 Ld CERDIP F16.3 


H11-5043-5 0 to 75 16 Ld CERDIP F16.3 H11-5041/883 16 Ld CERDIP F16.3 


H11-5044-5 0 to 75 16 Ld CERDIP F16.3 H11-5042/883 -55 to 125 16 Ld CERDIP 


HI3-5044-5 0 to 75 16 Ld PDIP H11-5043/883 16 Ld CERDIP F16.3 


HI1-5045-5 0 to 75 16 Ld CERDIP F16.3 HI1-5044/883 16 Ld CERDIP F16.3 


HI1-5045-2 16 Ld CERDIP F16.3 HI1-5045/883 16 Ld CERDIP F16.3 


HI3-5045-5 0 to 75 16 Ld PDIP E16.3 HI1-5046/883 16 Ld CERDIP F16.3 


HI1-5046-2 -55 to 125 16 Ld CERDIP F16.3 HI1-5046A/883 16 Ld CERDIP F16.3 


HI1-5046-5 0 to 75 16 Ld CERDIP F16.3 H11-5047/883 -55 to 125 16 Ld CERDIP F16.3 


HI3-5046-5 0 to 75 16 Ld PDIP E16.3 H11-5047A/883 -55 to 125 16 Ld CERDIP F16.3 


HI3-5046A-5 0 to 75 16 Ld PDIP E16.3 HI1-5048/883 16 Ld CERDIP F16.3 


HI1-5046A-2 -55 to 125 16 Ld CERDIP F16.3 HI1-5049/883 16 Ld CERDIP F16.3 


HI1-5046A-5 0 to 75 16 Ld CERDIP F16.3 H11-5050/883 16 Ld CERDIP F16.3 


H11-5047-5 0 to 75 16 Ld CERDIP F16.3 HI1-5051/883 16 Ld CERDIP F16.3 


HI1-5047-2 16 Ld CERDIP F16.3 H14-5043/883 20 Lead CLCC J20.A 


HI3-5047-5 0 to 75 16 Ld PDIP E16.3 H14-5045/883 -55 to 125 20 Lead CLCC J20.A 


HI1-5047A-5 0 to 75 16 Ld CERDIP F16.3 H14-5051/883 -55 to 125 20 Lead CLCC J20.A 


HI1-5047A-2 -55 to 125 16 Ld CERDIP F16.3 HI9P5043-5 0 to 75 16 Ld SOIC M16.15 


HI3-5047A-5 0 to 75 16 Ld PDIP E16.3 HI9P5045-5 0 to 75 16 Ld SOIC M16.15 


HI1-5048-5 0 to 75 16 Ld CERDIP F16.3 HI9P5051-5 0 to 75 16 Ld SOIC 


HI3-5048-5 0 to 75 16 Ld PDIP HI9P5043-9 -40 to 85 16 Ld SOIC 


HI1-5048-2 -55 to 125 16 Ld CERDIP F16.3 HI9P5051-9 -40 to 85 16 Ld SOIC 


M16.15 
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HI-5040 Series 


Pin Configurations Switch States are Logic “0” Input 
SINGLE CONTROL 


SPST SPDT 
HI-5040 (502) HI-5042 (50Q), HI-5050 (252) 


DPDT 
HI-5046 (50Q), HI-5046A (25) 


DUAL SPST DUAL SPDT 
HI-5041 (500) HI-5043 (50), HI-5051 (250) 


DUAL SPST DUAL SPDT 
HI-5048 (250) HI-5043 (50), HI-5051 (250) 
oO - O - + 
zao2zono a 
3} [2] [1] f2q fig 


NOTE: Unused pins may be internally connected. Ground all unused pins. 
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DPST 
HI-5044 (5002) 


DUAL DPST 
HI-5045 (50Q), HI-5049 (250) 
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HI-5040 Series 


Switch Functions switch States are Logic “1” Input 


SPST 
HI-5040 (500) 


DUAL SPDT 
HI-5043 (50) 


DPDT 
HI-5046 (5022), HI-5046A (252) 


DUAL DPST 
HI-5049 (252) 


DUAL SPST 
HI-5041 (502) 


DPST 
HI-5044 (50Q) 


4PST 
HI-5047 (50), HI-5047A (250) 


SPDT 
HI-5050 (252) 
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SPDT 
HI-5042 (50) 


DUAL DPST 
HI-5045 (50) 


DUAL SPST 
HI-5048 (252) 


DUAL SPDT 
HI-5051 (25) 


HI-5040 Series 


Absolute Maximum Ratings Thermal Information 
Supply Vouade (V4, Ve) icc v sees Se vedeccas sss ee reas ee~s 36V Thermal Resistance (Typical, Note 1) Oya (CCIW) Bj (CCW) 
Vea WOU 6 wsccv ene enas cor een sennen nes beabewes V+, V- GERUDIP Pagkage ..6sisstnneaauss 85 32 
Digital and Analog Input Voltage ... +Vsuppry +4V, -VsuppLy -4V SOIG PACKAQG..<cic asec cerned ses 120 N/A 
Analog Current (S to D) Continuous.................00 ee 30mA POMP FaCKOGS .ncnsccvctoswsenaen 100 N/A 
Analog Current (S 10D) Peak. ...i5ccsvcsescnnesscaeies 80mA PLOO PaGkAQ8 «sc ccs cisascean ase 80 N/A 
; “a CLEGG PaCRaOG ¢<ewawedxdavaedens 65 14 
Operating Conditions Maximum Junction Temperature 
Temperature Range PIASUC PORKAGGS i cicasccicndecdevederarseaee soe ss 150°C 
GO Gv ot cece pavaceerinwenrexneases -55°C to 125°C Coramic Packages. .......... 00sec cece eeeenceuees 175°C 
ET 608i dse caren cuseneieeen vose crs 0°C to 75°C Maximum Storage Temperature ................ -65°C to 150°C 
HI-5OXX-9. 0. cc cece cee cee terete eee eaes -40°C to 85°C Maximum Lead Temperature (Soldering 10s)............. 300°C 


(PLCC, SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 6a is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Supplies = +15V, -15V; Vp = OV; Vay (Logic Level High) = 2.4V, Va; (Logic Level Low) = +0.8V, 
V,_ = +5V, Unless Otherwise Specified. For Test Conditions, Consult Performance Characteristics, 


Unused Pins are Grounded 
— -55°C TO 125°C 0°C TO 75°C 
ec) [wm Trve [wax [win [ave [wax | unrrs 


370 


TEST 
CONDITIONS 


PARAMETER 
SWITCHING CHARACTERISTICS 


ton, Switch On Time (Note 5) 370 


torr, Switch Off Time (Note 5) 


Charge Injection (Note 3) V 


a 


no} ne} To no) no} 


“Off Isolation” (Note 4) 


uo 
=" _ 


“Crosstalk” 


ies) 
jes) 
fe.) 
ies) 


(Note 4) 


Cs(oFF), Input Switch Capacitance 


7 


Cp(oFF), Output Switch Capacitance 


Cp(on), Output Switch Capacitance 


Ca, Digital Input Capacitance 


Cps(OFF), Drain-To-Source Capacitance 


DIGITAL INPUT CHARACTERISTICS 


Vac, Input Low Threshold Full 


Van, Input High Threshold Full 


la, Input Leakage Current (High or Low) Full 


ie 


ANALOG SWITCH CHARACTERISTICS 


Analog Signal Range Full 


+ 
~~, 
uo 


+15 


ron, On Resistance (Note 2A) 


N 
oi 


= 
uo 
> 
oO a 


Full 150 
ron, On Resistance (Note 2B) 
Full 


fon; Channel-to-Channel Match (Note 2A) 


— 
oO 
= 


fon, Channel-to-Channel Match (Note 2B) 
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HI-5040 Series 


Electrical Specifications Supplies = +15V, -15V; Vp = 0V; Vay (Logic Level High) = 2.4V, Va, (Logic Level Low) = +0.8V, 
Vi = +5V, Unless Otherwise Specified. For Test Conditions, Consult Performance Characteristics, 
Unused Pins are Grounded (Continued) 


| 85°C TO 125°C | TO 125°C 0°C TO 75°C 
TEST TEMP 
PARAMETER (°c) 


SS Acacia 
a a a A CC 
= en Pe : 

ee ce 
POWER REQUIREMENTS 


Fo-cuesconPoerovanaion +t = [=] 
a Re CR CH Ae 
EC 


NOTES: 


2. Vout = £10V, lout = #1MA 
A). For HI-5040 thru HI-5047 
B). For HI-5048 thru HI-5051, HI-5046A/5047A. 


3. Vin = OV, CL = 10,000pF. 
4. Ry = 100Q, f = 100kHZz, Vix = 2.0Vp_p, C, = 5pF. 
5. Vat = OV, Vay = 5V. 


ID(ON), On Leakage Current 


Switching Waveforms 


PTT tT Te tT 
et tt pet 
J} tt Pe P 
Be Fe Fe I. <2 e e D 
pt Pe 
P| Pt te ty 
pif | | =e | 
pT tT tt ett tt 


ome ET om 


Top: TTL Input (1V/Div.) Top: CMOS Input (5V/Div.) 
VaH = 5V, Vat = OV VaAH = 10V, Va, = OV 
Bottom: Output (2V/Div.) Bottom: Output (5V/Div.) 
Horizontal: 200ns/Div. Horizontal: 200ns/Div. 
FIGURE 1. FIGURE 2. 
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HI-5040 Series 


Typical Performance Curves and Test Circuits — 1), = 25°C, V+ = +15V, V- = -15V, Vi = +5V, Vp = OV, Vay = 3V 
and Va; = 0.8V, Unless Otherwise Specified 


imA 


FIGURE 3. “ON” RESISTANCE vs ANALOG SIGNAL LEVEL, SUPPLY VOLTAGE AND TEMPERATURE 


Tha 


_ 
Ld 


“ON” RESISTANCE (Q) 
NORMALIZED “ON” RESISTANCE 
(REFERRED TO 25°C) 


0.7 
FEECEEEEEEE ” TILT ITT Tie 
“15 -10 5 +10 +15 50 -25 75 100 125 

ANALOG ana oe (Vv) eee ee 


FIGURE 4. “ON” RESISTANCE vs ANALOG SIGNAL LEVEL FIGURE 5. NORMALIZED “ON” RESISTANCE vs TEMPERATURE 
AND POWER SUPPLY VOLTAGE 


OFF LEAKAGE CURRENT vs TEMPERATURE 


IS(OFF) ID(OFF) 
+10V = = F10V 
»~ 10nA = & ae 
r 
Wu 
oc 
5 
© ina ON LEAKAGE CURRENT vs TEMPERATURE 
© 
S 
< 
4 
100pA 
10pA 
25 50 75 100 125 
TEMPERATURE (°C) 


FIGURE 6. ON/OFF LEAKAGE CURRENT vs TEMPERATURE 
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HI-5040 Series 


Typical Performance Curves and Test Circuits — 1, = 25°C, V+ = +15V, V- = -15V, V, = +5V, Vr = OV, Vay = 3V 
and Va; = 0.8V, Unless Otherwise Specified (Continued) 


“ON” RESISTANCE vs ANALOG CURRENT 


NORMALIZED “ON” RESISTANCE 
(REFERRED TO 1mA) 


ANALOG CURRENT (mA) 


FIGURE 7. NORMALIZED “ON” RESISTANCE vs ANALOG CURRENT 


IN OUT 


at il HA 
SMe Ets LMT TTT CTT 
TTT TTT Fis SCT mae 
CCT te SUIT 
4 !m a 
TTT TTT TTT TTT TTT 
CHC nce 


1 10 100 1K 10K 100K 1M 
FREQUENCY (Hz) 


FIGURE 8. “OFF” ISOLATION vs FREQUENCY 


OFF ISOLATION (dB) 
i 
—) 


VIN 
OFF ISOLATION = 20 Log| 7 
OUT 


200 


A gh 0 WW 
CT TE TTT TTT 


TTT Bll 
185 St RM MU I 
Tae fa Ut SU 


CHR 

| GN a ee SL 
Binet Et 
UU UT amp TT TSS TTT 
a Ne 


CROSSTALK (dB) 
3) 
So 


> still 


; i 0 


10 100 1K 10K 100K 1M 
FREQUENCY (Hz) 


g V 


FIGURE 9. CROSSTALK vs FREQUENCY 
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HI-5040 Series 


Typical Performance Curves and Test Circuits = 1). = 25°C, V+ = +15\, V- = -15V, Vi = +5V, Vp = OV, Vay = 3V 
and Va; = 0.8V, Unless Otherwise Specified (Continued) 


+10V ¢ 


CPP eer yr at 

TTT rr ry ty a 
CEPT Err yyy ouTY 
CPP 7 


POWER CONSUMPTION (mW) 


+5V +15V -15V 


0 
0 1K 10K 100K 1M 
TOGGLE FREQUENCY (50% DUTY CYCLE) (Hz) 


FIGURE 10. POWER CONSUMPTION vs FREQUENCY 


Switching Characteristics 


”) 
uu 
=. 
O 
= 
= 
an 


isl cl dsl arabia aol cil acl 
SE 
Pt ttt ttt tt A 
Reeee | 


2.4 3.0 4.8 0 0.5 1.0 1.5 
DIGITAL “HIGH” (V) DIGITAL “LOW” (V) 
FIGURE 12. SWITCHING TIMES FOR POSITIVE DIGITAL FIGURE 13. SWITCHING TIMES FOR NEGATIVE DIGITAL 
TRANSITION TRANSITION 
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HI-5040 Series 


V+ 


P16 


Switching Characteristics (continued) 


QN1 


Tx 
i 


QP8 


<< 
16yA 


to Vp’ 
: . | 
ne , 
NOTE: Connect V+ to V,_ for minimizing power consumption when driving from CMOS circuits. 
FIGURE 14. TTL/CMOS REFERENCE CIRCUIT (NOTE) 


to Vi’ 
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HI-5040 Series 


Switching Characteristics (Continued) 


A; (A2) 


A; (A2) 


FIGURE 15. SWITCH CELL 


) 
Ww 
I 
O 
= 
= 
a 


> 
_ 


BB 


NOTES: 
1. All N-Channel bodies to V-, all P-Channel bodies to V+ except as shown. 
2. For further information refer to Application Notes AN520, AN521, AN531, AN532 and AN557. 


FIGURE 16. DIGITAL INPUT BUFFER AND LEVEL SHIFTER 
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Complete Data Sheet available via web, Harris’ 
home page: http:/Awww.semi.harris.com 


August 1997 | _ of via Harris AnswerFAX, see Section 17 | Dual SPDT CMOS Analog Switch 


Features Description 


e See HI504X and IH514X for Other Functions The 1H5043 analog switch uses an improved, high voltage 
° Dual SPDT CMOS monolithic technology. These devices provide ease 

of use and performance advantages not previously 
¢ Switches Greater than 20Vp.p Signals with +15V available from solid state switches. 


Supplies Key performance advantage is TTL compatibility and ultra 


e Quiescent Current Less than 1mA low power operation. The quiescent current requirement is 
less than 1mA. Also, the |H5043 guarantees Break-Before- 


* Break-Before-Make Switching torr 200ns, ton 300MS — Yyake switching, accomplished by extending the ton time 


(Typ) (300ns Typ), so that it exceeds torr time (200ns Typ). This 

¢ TTL, DTL, CMOS, PMOS Compatible insures that an ON channel will be turned OFF before an 
OFF channel can turn ON. The need for external logic 

Ordering Information required to avoid channel to channel shorting during 


switching is eliminated. 


TEMP. 
PART NUMBER | RANGE (°C) 


THs0<oWe | S510 25 [TeLaceRDP [ries 
imsowacre | ow70 [veLaPor [e163 
iasosamiereess | Sve 125 [ieLacenoP [ris _ 


The 1H5043 is a pin-for-pin, improved performance 
replacement for other analog switches. 


Pinout Functional Block Diagram 
1H5043 FUNCTIONAL DRIVER, TYPICAL DRIVER, GATE UP AS SHOWN) 
(CERDIP, PDIP, SOIC) > V+ 
TOP VIEW 
r i 
Q3 
5 
Qy 
a | S$ 5 5 Dy 
GND Qi0 
IN ¢ 
p Vi Q14 
Q2 a ma 
S3 ¢ 9 Dg 
— = 
12 
Q7 
Qe 
al wea E 
aa 
V- 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 31 30 1 
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1[H5052, [H5053 


Complete Data Sheet available via web, Harris’ 
home page: http:/Awww.semi.harris.com 


August 1997 


or via Harris AnswerFAX, see Section 17 


Features Description 

e Switches Greater Than 20Vp_p Signals with t15V Supplies = The |H5052, IH5053 analog switches use an improved, high 

© Quiescent Curren ....:0ccccsnescscnsesassteneee <10uA Voltage CMOS technology, which provides performance 

. advantages not previously available from solid state 
PORE IOS HARI SIMI switches. Key performance advantages are TTL compatibility 
~ TOFF (TYP). +. +s cece e cece eee e eee eee e eee ees S00MS and ultra low-power operation. The quiescent current 
Se? LLbj) MeRTEEEEEET TTT CTT eee ee 1000ns_ requirement is less than 10/A. 


¢ TTL, CMOS Compatible 
e IH5052 4 Normally Closed Switches 
e 1H5053 4 Normally Open Switches 


LOW FDS(ON) (TYP) «+ +e see cece eee cent eee e eee eees 80Q 
Ordering Information 


[rarrnuwaen [nance (| rackaae | ‘no. 
PART NUMBER | RANGE (°C) 

fsos200e | 0w70_|re.asepP [163 
fisossoe | 0w70_]ve.asa _[o163 
isosaMe | ssw 125 [ie.asepr [ores _ 


The IH5052, IH5053 also guarantees Break-Before-Make 
switching. This is accomplished by extending the ton time 
(1000ns) such that it exceeds torr time (500ns). This 
insures that an ON channel will be turned OFF before an 
OFF channel can turn ON, and eliminates the need for 
external logic required to avoid channel to channel shorting 
during switching. With a logic “0” (0.8V or less) at its control 
inputs, the IH5052 switches are closed, while the IH5053 
switches are closed with a logic “1” (2.4V or more) at its 
control inputs. 


Pinouts Functional Diagram 
1H5052 (SBDIP 
TOP ee ) ('/4 AS SHOWN) 
5 V+ 
= 


1H5053 (SBDIP) 
TOP VIEW 


Switch states shown for logic “1” input 


a 
Q3 
«x dE. 
Qi 
1 | ; 
_ 9 GND 


a2 mal 
Sl if 
Ue 


Q11 


Quad CMOS Analog Switches 


” 
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= 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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File Number 3131.1 


wD An 1H5151 


Complete Data Sheet available via web, Harris’ 
home page: http://www.semi.harris.com 


August 1997 | _ of Via Harris AnswerFAX, see Section 17 _| Dual SPDT, CMOS Analog Switch 


Features Description 


¢ Low rpscon) The IH5151 solid state analog switch is designed using an 


e Switches Greater than 20Vp.p Signals with +15V a a la 

Supplies Key performance advantages in the IH5151 are TTL 
compatibility and ultra low power operation. DS(ON) Switch 
resistance is typically in the 14Q to 18Q area, for signals in 
Break-Before-Make Switching the -10V to +10V range. Quiescent current is less than 
120ns (Typ) OHA. The IH5151 also guarantees Break-Before-Make 
200ns (Typ) switching which is logically accomplished by extending the 
ton time (200ns typical) such that it exceeds torr time 
TTL, CMOS Compatible (120ns typical). This insures that an ON channel will be 
turned OFF before an OFF channel can turn ON. The need 
for external logic required to avoid channel to channel 

Supply Range +5V to +15V_— shorting during switching is thus eliminated. 


Quiescent Current 


Complete Monolithic Construction 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 


IH5151CJE 0to70 |16LdCERDIP F163 
IH5151MJE | -55t0 125 16 Ld CERDIP F16.3 
IH5151MJE/883B | -55t0 125 16 Ld CERDIP F16.3 


Pinout Switching State Diagram 


1H5151 


(CERDIP) SWITCH STATE SHOWN FOR LOGIC “I” INPUT 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |C Handling Procedures. File Number 31 33.1 
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Dual SPST, Quad SPST, 
August 1997 CMOS RF/Video Switches 


Features 


TDS(ON) 
Switch Attenuation Varies Less Than 3dB From DC to 
100MHz 


"OFF" Isolation at 10MHz (Typ) 
Cross Coupling Isolation at 10OMHz 
Compatible With TTL, CMOS Logic 
Wide Operating Power Supply Range 
Power Supply Current 
“Break-Before-Make” Switching 

Fast Switching (Typ) 


Applications 


¢ Video Switch 
Communications Equipment 
Disk Drives 
Instrumentation 
CATV 


Pinouts 


1H5341 1H5341 
(PDIP) (METAL CAN) 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 31 34.1 
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Description 


The 1H5341 (IH5352) is a dual (quad) SPST, CMOS 
monolithic switch which uses a “Series/Shunt” (“T” switch) 
configuration to obtain high “OFF” isolation while maintaining 
good frequency response in the “ON” condition. 


Construction of remote and portable video equipment with 
extended battery life is facilitated by the extremely low cur- 
rent requirements. Switching speeds are __ typically 
ton = 150ns and torr = 80ns. “Break-Before-Make” switch- 
ing is guaranteed. 


Switch “ON” resistance is typically 40Q - 50Q with +15V 
power supplies, increasing to typically 175Q for +5V supplies. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 


IH5341CPD 0 to 70 14 Ld PDIP E14.3 


IH5341ITW -25to 85 | 10 Pin Metal Can | T10.B 
(TO-100) 

IH5341MTW -55to125 |10 Pin Metal Can |T10.B 
(TO-100) 


IH5341MTW/883B -55 to 125 |10 Pin Metal Can |T10.B 
(TO-100) 


IH5352CPE 16 Ld PDIP E16.3 


iHsa50ue | 25085 _[6LacEROP [ries 
THSS5OMIE | S510 125 _[6LaGEROP _|FI63 
HsasaMie/e=96 | 6510125 [1LACERDIP [F163 


1H5352 1H5352 
(CERDIP, PDIP) (SOIC) 
TOP VIEW TOP VIEW 


7) 
Ww 
= 
O 
- 
= 
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1H5341, IH5352 


Functional Block Diagrams 


1H5352 
' 
1H5341 hint 
a 
S; oo 0 S2 D2 
1 1 
I nae >— 
INy i Sho een nen 
o—————o% 
So a Do S3 ones D3 
! , 
| nse] >— 
IN2 ot ee 
S4 cilia eam Dg 


nao >— 


Switches are open for a logic “0” control input, and closed for a logic “1” control input. 


Schematic Diagram (1/2 1H5341, '/4 1H5352) 


+15V 


-15V 
Q, Qs 
TTL -15V 
j a 7 Qi6 Q22 i 


+5V 


Q, 
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1H5341, 


Absolute Maximum Ratings 


Ve 16 CHOURG 2.0 2ice cin ons s erie e WAR esi dweneyaaw enn He +18V 
oe en ee ee ee ee er eee -18V 
MW 1G cee. ee ride cite gees ned daa Roe eaan eR WA V+ to V- 
LOGIC CONT] VEIBOE cas cicicsecccrderedssenenaee va V+ to V- 
Analog WUE VOURGS «s.ccc40 er enevis ce daGrsiseenawawe V+ to V- 
Cornrent (Any Tenia) 60s dc ces cewaceesnanmaeren naan nen 50mA 
Operating Conditions 
Temperature Ranges 
(M Version) ........ 000 c cece eee ee ee eee eens -55°C to 125°C 
VION inc niki nwa oe eo ees ees nena ners -25°C to 85°C 
re 0°C to 70°C 


[H5352 


Thermal Information 


Thermal Resistance (Typical, Note 1) Oya (°C/W) 8jc (PCC/W) 


CEMDIP PREKGGG .iciccdvscnecnns 75 18 

Metal Can Package............... 160 75 

SOIC PEGCKANG. 0.0 csviapeecetres 90 N/A 

14.Ld POIP PaCkAg6...csscsvesnes 100 N/A 

16 La PDIP Package... 606.000 saeus 90 N/A 
Maximum Junction Temperature (Ceramic Packages) ....... 175°C 
Maximum Junction Temperature (Plastic Packages) ....... 150°C 
Maximum Storage Temperature Range .......... -65°C to 150°C 
Maximum Lead Temperature (Soldering, 10s) ............ 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications V+ = +15V, V,_ = +5V, V- = -15V, Ta = 25°C Unless Otherwise Specified 


PARAMETER 
DC CHARACTERISTICS 


Supply Voltage Ranges 
Positive Supply, V+ 


TEST CONDITIONS 


Logic Supply, Vi_ 
Negative Supply, V- 
Switch “ON” Resistance, 

'DS(ON) 


Vp = t5V, Is = 10mA, 
Vin 2 2.4V (Note 5) 


Vp = £10V, Is = 10mA, 
Vin 2 2.4V (Note 5) 


Switch “ON” Resistance, 
DS(ON) V- = -5V, Vp = +8V, Ig = 10MA 


On Resistance Match Ig = 10MA, Vp = +5V 

Between Channels, Arps(ON) 

Logic “Input Voltage, Vin fo 
Logic “O” Input Voltage, Vu fo 


Switch “OFF” Leakage, 
ID(OFF) OF IS(OFF) 


V+=V, = +5V, Vin = 3V, 


Vs/p = +5V or +14V, 
Vin < 0.8V 
(Notes 3 and 5) 


Vsyp = +5V, Vin 2 2.4V] 1H5341 
Vsip = £14V, Vin 2 2.4V 
IH5352 


Vs/p = t5V or +14V, 
Input Logic Current, lj Vin > 2.4V or < OV 


Vin < 0.8V 
Positive Supply Quiescent | Vjy = OV or +5V 
Current, I+ 


Switch “ON” Leakage, 
ID(ON) + s(on) 


Negative Supply Quiescent | Vix = OV or +5V 
Current, |- 
Logic Supply Quiescent Vin = OV or +5V 
Current, | 


AC CHARACTERISTICS 


Switch “ON” Time, ton 


Switch “OFF” Time, torr 


M GRADE DEVICE UC GRADE DEVICE 
(NOTE 2) 
TYP 


-25°C/ 85°C/ 
0°C 70°C 


io 


H- ok 
on or 


_ 
oO 
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1H5341, 1H5352 


Electrical Specifications V+ = +15V, V,_ = +5V, V- = -15V, Ta = 25°C Unless Otherwise Specified (Continued) 


VC GRADE DEVICE 
UNITS 


-25°C/ 85°C/ 
0°c 70°C 


PARAMETER 


“OFF” Isolation Rejection 
Ratio, OIRR 


Ratio, CCRR 


Switch Attenuation 3dB 
Frequency, fagp 


NOTES: 


M GRADE | MGRADE DEVICE | 


2. Typical values are not tested in production. They are given as a design aid only. 

3. Positive and negative voltages applied to opposite sides of switch, in both directions successively. 

4. These are the operating voltages at which the other parameters are tested, and are not directly tested. 

5. The logic inputs are either greater than or equal to 2.4V or less than or equal to 0.8V, as required, for this test. 


Typical Performance Curves 


PIN 3 = +15V, PIN 7 =-15V 
PIN 10 = +5V, Ta = 25°C 


'ps(ON) (Q) 


ANALOG INPUT VOLTAGE LEVEL (V) 


FIGURE 1. rps(on) V8 ANALOG INPUT VOLTAGE WITH +15V 
POWER SUPPLIES 


AME | UTP 
UT TING TTT 


OIRR (dB) 


sete thy ENG 
CUTIE TTI TT INT 


FREQUENCY (MHz) 


FIGURE 3. OFF ISOLATION REJECTION vs FREQUENCY 
(SEE FIGURE 8) 


180 


PIN 3 = PIN10 = +5V 
PIN 7 = -5V, Ta = 25°C 


Ty 
Tr 
TTT AT 
St 
CPrrrr TT 


ANALOG INPUT prise LEVEL (V) 


160 


140 


ps(ONn) (2) 


100 


FIGURE 2. rps(on) V8 ANALOG INPUT LEVEL WITH +5V 
POWER SUPPLIES 


TT | 
ASCH 
THIS 
IE ETT TNT 


0.1 100 
—- aes 


CCRR (dB) 


FIGURE 4. CROSS COUPLING REJECTION vs FREQUENCY 
(SEE FIGURE 9) 
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Typical Performance Curves (continued) 


Ce UE TEM TUT 


SWITCH ATTENUATION (dB) 


UE ETE 
oof pote 


if 
a 


ail 
SHEE 


10 100 


FREQUENCY (MHz) 


FIGURE 5. TYPICAL SWITCH ATTENUATION vs FREQUENCY (R, = 75Q, SEE FIGURE 10) 


Detailed Description 


Figure 6 shows the internal circuit of one channel of the 
IH5352. This is identical to the |H5341 “T-Switch” configura- 
tion. Here, a shunt switch is closed, and the two series 
switches are open when the video switch channel is open or 
off. This provides much better isolation between the input 
and output terminals than a simple series switch does, espe- 
cially at high frequencies. The result is excellent off-isolation 
in the Video and RF frequency ranges when compared to 
conventional analog switches. 


The control input level shifting circuitry is very similar to that 
of the |H5140 series of Analog Switches, and gives very high 
speed, guaranteed “Break-Before-Make” action, low static 
power consumption and TTL compatibility. 


Test Circuits and Waveforms 


NOTE: Only one channel shown. Other acts identically. 


FIGURE 7A. SWITCHING TIME TEST CIRCUIT 


SWITCH SWITCH 
SOURCE 0 o%< ©—o SOURCE 
(VIDEO INPUT) 1 (VIDEO 
i OUTPUT) 
LOGIC 1 
CONTROL J 
INPUT 
DRIVER 
TRANSLATOR oe 


NOTE: 1 channel of 4 shown. 
FIGURE 6. INTERNAL SWITCH CONFIGURATION 


VouT 


Vout 
VANALOG - 5V 10% 


= -3.5V 


FIGURE 7B. SWITCHING TIME WAVEFORMS 
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1H5341, 1H5352 


Test Circuits and Waveforms (continued) 


75Q 


5 


VIN 
Vout 


OIRR = 20Log 


NOTE: Only one channel shown. Other acts identically. 


FIGURE 8. OFF ISOLATION TEST CIRCUIT 


75Q 


1H5341 


Vin = 225MVays at f = 10MHz 


VIN 
Vout 


CCRR = 20Log 


FIGURE 9. OFF ISOLATION TEST CIRCUIT 


1H5341 


eh 
"ps(Ony + RL 


ATTN: = 20Log 


Nominally, at DC, this ratio is equal to -4dB. When the attenuation reaches -1dB, the frequency at which this occurs is fagp. 


NOTE: Only one channel shown. Other acts identically. 


FIGURE 10. SWITCH ATTENUATION vs FREQUENCY 


Typical Applications 


Charge Compensation Techniques 


Charge injection results from the signals out of the level 
translation circuit being coupled through the gate-channel 
and gate-source/drain capacitances to the switch inputs and 
outputs. This feedthrough is particularly troublesome in 
Sample-and-Hold or Track-and-Hold applications, as it 
causes a Sample (Track) to Hold offset. The IH5341 devices 
have a typical injected charge of 30pC-50pC (corresponding 
to 30mV-50mvV in a 1000pF capacitor), at Vs/p of about OV. 


This Sample (Track) to Hoid offset can be compensated by 
bringing in a signal equal in magnitude but of the opposite 
polarity. The circuit of Figure 11 accomplishes this charge 
injection compensation by using one side of the device as a 
S & H (T & H) switch, and the other side as a generator of a 
compensating signal. The 1kQ potentiometer allows the user 
to adjust the net injected charge to exactly zero for any 
analog voltage in the -5V to +5V range. 
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1H5341, 


75Q 


| 4k CERMET 
NOT WIRE 
WOUND (NOTE) 


TTL IN (STROBE) 


NOTE: Adjust pot for OMVp.p step at Voy with no analog (AC) 
signal present. 


FIGURE 11. CHARGE INJECTION COMPENSATION 


Since individual parts are very consistent in their charge 
injection, it is possible to replace the potentiometer with a 
pair of fixed resistors, and achieve less than 5mV error for 
all devices without adjustment. 


An alternative arrangement, using a standard TTL inverter to 
generate the required inversion, is shown in Figure 13. The 
capacitor needs to be increased, and becomes the only 
method of adjustment. A fixed value of 22pF is good for analog 
values referred to ground, while 35pF is optimum for AC cou- 
pled signals referred to -5V as shown in the figure. The choice 


22pF-35pF 


CHOLD “ 
1000pF 0s #3V— 


TTL CONTROL IN 


[H5352 


of -5V is based on the virtual disappearance at this analog level 
of the transient component of switching charge injection. This 
combination will lead to a virtually “glitch-free” switch. 


Overvolitage Protection 


If sustained operation with no supplies but with analog sig- 
nals applied is possible, it is recommended that diodes (such 
as 1N914) be inserted in series with the supply lines to the 
IH5341. Such conditions can occur if these signals come 
from a separate power supply or another location, for exam- 
ple. The diodes will be reverse biased under this type of 
operation, preventing heavy currents from flowing from the 
analog source through the 1H5341. 


The same method of protection will provide over +25V 
overvoltage protection on the analog inputs when the sup- 
plies are present. The schematic for this connection is 
shown in Figure 12. 


FIGURE 12. OVERVOLTAGE PROTECTION 


+5V 


FIGURE 13. ALTERNATIVE COMPENSATION CIRCUIT 
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1H5341, 1H5352 


Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 
2388um x 2515um Type: PSG/Nitride 
PSG Thickness: 7kA +1.4kA 
METALLIZATION: Nitride Thickness: 8kA +1.2kA 
Type: Al 


WORST CASE CURRENT DENSITY: 
9.1 x 104 A/cm? 


Thickness: 10kA +1kA 


Metallization Mask Layout 
1H5341 


D; V+ (SUBSTRATE) S; IN, 


a 
a 
oO 
> 
om 
1S] 
~o 
= 
U 
wn 
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1H5341, [H5352 


Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 


2617um x 5233um Type: PSG/Nitride 
PSG Thickness: 7kA +1 4kA 
METALLIZATION: Nitride Thickness: 8kA +1.2kA 
Type: Al 


WORST CASE CURRENT DENSITY: 


9.1 x 10° A/cm 


Thickness: 10kA +1kA 


Metallization Mask Layout 


1H5352 


S4 
| ie 
1 Th — 3 4 
fi, Ee | 
| fos 
| 
{ i] 
| 
| 
‘ | 


SWITCHES 
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QUALITY AND 


RELIABILITY 


Introduction 


Success in the integrated circuit industry means more than 
simply meeting or exceeding the demands of today’s market. 
It also includes anticipating and accepting the challenges of 
the future. It results from a process of continuing improve- 
ment and evolution, with perfection as the constant goal. 


Harris Semiconductor's commitment to supply only top value 
integrated circuits has made quality improvement a mandate 
for every person in our work force — from circuit designer to 
manufacturing operator, from hourly employee to corporate 
executive. Price is no longer the only determinant in market- 
place competition. Quality, reliability, and performance enjoy 
significantly increased importance as measures of value in 
integrated circuits. 


Quality in integrated circuits cannot be added or considered 
after the fact. It begins with the development of capable pro- 
cess technology and product design. It continues in manu- 
facturing, through effective controls at each process or step. 
It culminates in the delivery of products which meet or 
exceed the expectations of the customer. 


The Role of the Quality Organization 


The emphasis on building quality into the design and manu- 
facturing processes of a product has resulted in a significant 
refocus of the role of the Quality organization. In addition to 
facilitating the development of SPC and DOX, Quality profes- 
sionals support other continuous improvement tools such as 
control charts, measurement of equipment capability, stan- 
dardization of inspection equipment and processes, proce- 
dures for chemical controls, analysis of inspection data and 
feedback to the manufacturing areas, coordination of efforts 
for process and product improvement, optimization of envi- 
ronmental or raw materials quality, and the development of 
quality improvement programs with vendors. 


At critical manufacturing operations, process and product 
quality is analyzed through random statistical sampling and 
product monitors. The Quality organization’s role is changing 
from policing quality to leadership and coordination of quality 
programs or procedures through auditing, sampling, consult- 
ing, and managing Quality Improvement projects. 


True to the philosophy that quality is everyone’s job, much of 
the traditional on-line measurement and control of quality 
characteristics is where it belongs — with the people who 
make the product. The Quality organization is there to pro- 
vide leadership and assistance in the deployment of quality 
techniques, and to monitor progress. 


Harris Quality 


The Improvement Process 


| 


STAGE IV 


PRODUCT 
on OPTIMIZATION 
PRODUCT STAGE Ill 
QUALITY PROCESS 
OPTIMIZATION 


PROCESS 
CONTROL 


STAGE | 


PRODUCT 
SCREENING 
SOPHISTICATION OF QUALITY TECHNOLOGY 
FIGURE 1. STAGES OF STATISTICAL QUALITY TECHNOLOGY 


Harris Semiconductor's quality methodology is evolving through 
the stages shown in Figure 1. In 1981 we embarked on a pro- 
gram to move beyond Stage |, and we are currently in the tran- 
sition from Stage Ill to Stage IV, as more and more of our 
people become involved in quality activities. The traditional 
“quality” tasks of screening, inspection, and testing are being 
replaced by more effective and efficient methods, putting new 
tools into the hands of all employees. Table 1 illustrates how our 
quality systems are changing to meet today’s needs. 


ISO 9000 Certification 


The manufacturing operations of Harris Semiconductor have 
all received ISO certification. The ISO 9000 series of stan- 
dards were very consistent with our goals to build an even 
stronger quality system foundation. 


Qualified Manufacturing List (QML) 


Harris Semiconductor has supplied military grade integrated 
circuits for over 20 years. The government's certifying body had 
audited and granted approval to ship JAN, 883 compliant, and 
Source Military Drawing parts used in ground and space appli- 
cations. The discipline required to manufacture high reliability 
components has been beneficial to the commercial product 
lines. Harris has now taken the next evolutionary step by transi- 
tioning into QML as defined in MIL-PRF-38535. These guide- 
lines incorporate the best commercial practices for 
semiconductor manufacturing. 


Designing for Manufacturability 


Assuring quality and reliability in integrated circuits begins with 
good product and process design. This has always been a 
strength in Harris Semiconductor's quality approach. We have a 
very long lineage of high reliability, high performance products 
that have resulted from our commitment to design excellence. All 
Harris products are designed to meet the stringent quality and 
reliability requirements of the most demanding end equipment 
applications, from military and space to industrial and telecom- 
munications. The application of new tools and methods has 
allowed us to continuously upgrade the design process. 
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TABLE 1. TYPICAL ON-LINE MANUFACTURING/QUALITY 
FUNCTIONS 


| AREA | CONTROLS/MONITORS 


Wafer Fab Internal Audits 


Environmental 
Assembly 


- Room/Hood Particulates 
- Temperature/Humidity 
- Water Quality 
e Product 

- Junction Depth 

- Sheet Resistivities 

- Defect Density 

- Critical Dimensions 

- Visual Inspection 

- Lot Acceptance 
Process 
- Film Thickness 
- Implant Dosages 

- Capacitance Voltage Changes 

- Conformance to Specification 
¢ Equipment 

- Repeatability 
- Profiles 
- Calibration 
- Preventive Maintenance 
Internal Audits 
Environmental 
- Room/Hood Particulates 
- Temperature/Humidity 
- Water Quality 
Product 
Documentation Check 
- Dice Inspection 
- Wire Bond Pull Strength/Controls 
- Ball Bond Shear/Controls 
- Die Shear Controls 
- Post-Bond/Pre-Seal Visual 
Fine/Gross Leak 
PIND Test 

- Lead Finish Visuals, Thickness 

- Solderability 
e Process 

- Operator Quality Performance 

- Saw Controls 

- Die Attach Temperatures 

- Seal Parameters 

- Seal Temperature Profile 

- Sta-Bake Profile 

- Temp Cycle Chamber Temperature 

- ESD Protection 

- Plating Bath Controls 
Mold Parameters 


TABLE 1. TYPICAL ON-LINE MANUFACTURING/QUALITY 
FUNCTIONS (Continued) 


| AREA | CONTROLS/MONITORS 


Test e Internal Audits 
Temperature/Humidity 
ESD Controls 


Temperature Test Calibration 


¢ Test System Calibration/Control 


Test Procedures 


Control Unit Compliance 
e Lot Acceptance Conformance 

Mechanical Outline Conformance 
Internal Audits 
Wafer Repeat Correlation 


¢ Test System Calibration/Contro! 
e Visual Requirements 


¢ Temperature/Humidity 


Documentation 


Process Performance 


e¢ ESD Controls 
¢ Functionality Board Check 


¢ Oven Temperature Controls 


¢ Oven Calibration 

e Procedural Conformance 
Internal Audits 
ESD Controls 


Brand Permanency 


¢ Temperature/Humidity 


Procedural Conformance 
e Internal Audits 
¢ ESD Controls 
¢ Group B Conformance 


QCI Inspection 


¢ Group C and D Conformance 


NOTE: QCI Inspection is applicable only to Hi-Rel products. 


Commerical product is verified through Matrix Monitor pro- 
gram. Each new design is evaluated throughout the develop- 
ment cycle to validate the capability of the new product to 
meet the end market performance, quality, and reliability 
objectives. 


The validation process has four major components: 

1. Design simulation/optimization 

2. Layout verification 

3. Product demonstration 

4. Reliability assessment 

Harris designers have an extensive set of very powerful 


Computer-Aided Design (CAD) tools to create and optimize 
product designs (see Table 3). 
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COMMERCIAL 


PROBE/DICE 
PREPARATION 


ROOM (2) 
TEMP 


PROBE TEST 


ASSEMBLY (1) 


w OPERATION 
& QUALITY MONITOR 


DIE ATTACH 


CONTROL DIE MOUNT 


MOUNT CURE CONTROL 


QUALITY DIE ATTACH 
CONTROL (SPC) 


WIRE BOND 
CONTROL 


WIRE BOND 
* QUALITY WIRE BOND 


CONTROL (SPC) 


POST BOND 


VISUAL POST BOND INSPECTION (3) 


(RTPC) 


%*& QUALITY POST BOND 
MONITOR 


QUALITY AND 
RELIABILITY 


MOLDING 
MOLD CONTROL (SPC) 


BOTTOM CODE 
POST MOLD CURE 


MOLD CONTROL 


LEAD FINISH 


CONTROL TRIM/FORM/DERAIL 


SOLDER DIP 

100% VISUAL MONITOR 
LOAD SHIPPING TUBES 
% QA MONITOR 


NOTES: 


1. Example for a PDIP, Plastic Dual In-Line Package Part for commericial grade. Examples of military product flows access the Quality Man- 
agement plan through the Harris internet web page http://www.semi.harris.com/quality/index.htm or through your local sales office. 


2. High Temperature probe per specific product flow. 
3. Visual inspection is modified Mil-STD-883 method 2010 condition B. 
FIGURE 2. 
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Harris Semiconductor Standard Processing Flow 


COMMERCIAL 


TEST (2) 


M@ OPERATION 
*% QUALITY MONITOR 


AC/DC SINGLE 
INSERTION TEST 


9, 
CAPABILITY 100% ELECTRICAL TEST (5) 


TOP BRAND (6) 


POST BURN-IN (6) 


ELECTRICAL TESTS (5) 
APPLY BURN-IN PDA (6) 


QUALITY 
LOT ACCEPTANCE 
PDIP LEAD 
SCANNING VISUAL/MECHANICAL 


PACKING 


FINAL ACCEPTANCE 


NOTES: 
4. Example for a Linear Part in PDIP, Plastic Dual In-Lline Package Part. 


5. 100% of the product will receive a minimum of one electrical test insertion per the applicable manufacturing flow. 
6. If applicable. 


FIGURE 3. 


14-6 


Harris Semiconductor Standard Processing Flow 


TABLE 2. SUMMARIZING CONTROL APPLICATIONS 


Thin Film 
Film Thickness 
Uniformity 


Diffusion 

- Junction Depth 
Sheet Resistivities 
Oxide Thickness Refractive Index 
Implant Dose Calibration Film Composition 
Uniformity - Particles Added 


e Photo Resist 
- Critical Dimension 
- Resist Thickness 
- Etch Rates 
- Energy Monitor (Eo) 


e Measurement Equipment 
- Critical Dimension 
- Film Thickness 
- Resistivity 


ASSEMBLY 


¢ Pre-Seal ¢ Post-Seal 
- Die Prep Visuals - Internal Package Moisture 
Yields - Tin Plate Thickness 
Die Attach Heater Block PIND Defect Rate 
Die Shear Solder Thickness 
Wire Pull Leak Tests 
Ball Bond Shear Seal 
Saw Blade Wear Temperature Cycle 
Pre-Cap Visuals 


- Handlers/Test System 

- Defect Pareto Charts 

- Lot % Defective 

- ESD Failures per Month 


e 1QC 
- Vendor Performance 
- Material Criteria 
- Quality Levels 


e¢ Environment 
- Water Quality 
- Clean Room Control 
- Temperature 
- Humidity 


Special Testing 


Harris Semiconductor offers several standard screen flows 
to support a customer’s need for additional testing and reli- 
ability assurance. These flows include environmental stress 
testing, burn-in, and electrical testing at temperatures other 
than +25°C. The flow shown in Figure 2 and Figure 3 indi- 
cates the Harris standard processing flow for a commercial 
linear part in a PDIP package. In addition, Harris can supply 
products tested to customer specifications both for electrical 
requirements and for nonstandard environmental stress 
screening. Consult your field sales representative for details. 


TABLE 3. HARRIS |.C. DESIGN TOOLS 


PRODUCTS 
DESIGN STEP ANALOG DIGITAL 
Functional Simulation | Cds Spice Cds Spice Verilog 


Parametric Simulation | Cds Spice Monte | Cds Spice 
arlo 


Schematic Capture 


Rules Checking 


Parasitic Extraction 


Measurement 
XRF 
Radiation Counter 
Thermocouples 
GM-Force Measurement 
Temperature 
Humidity 


Monitor Failures 
Lead Conformance 
After Burn-in PDA 
Temperature 
Humidity 


¢ IQC Measurement/Analysis 
- XRF 
- ADE 
- 4 Point Probe 
- Chemical Analysis Equipment 


Controlling and Improving the 
Manufacturing Process - SPC/DOX 


Statistical process control (SPC) is the basis for quality control 
and improvement at Harris Semiconductor. Harris manufac- 
turing people use control charts to determine the normal vari- 
abilities in processes, materials, and products. Critical 
process variables and performance characteristics are mea- 
sured and control limits are plotted on the control charts. 
Appropriate action is taken if the charts show that an opera- 
tion is outside the process control limits or indicates a nonran- 
dom pattern inside the limits. These same control charts are 
powerful tools for use in reducing variations in processing, 
materials, and products. Table 2 lists some typical manufac- 
turing applications of control charts at Harris Semiconductor. 


SPC is important, but still considered only part of the solution. 
Processes which operate in statistical control are not always 
capable of meeting engineering requirements. The conven- 
tional way of dealing with this in the semiconductor industry has 
been to implement 100% screening or inspection steps to 
remove defects, but these techniques are insufficient to meet 
today’s demands for the highest reliability and perfect quality 
performance. 


Harris still uses screening and inspection to “grade” products 
and to satisfy specific customer requirements for burn-in, multi- 
ple temperature test insertions, environmental screening, and 
visual inspection as value-added testing options. However, 
inspection and screening are limited in their ability to reduce 
product defects to the levels expected by today’s buyers. In 
addition, screening and inspection have an _ associated 
expense, which raises product cost (see Table 4). 
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TABLE 4. APPROACH AND IMPACT OF STATISTICAL QUALITY 
TECHNOLOGY 


STAGE APPROACH IMPACT 


Product Stress and Test ¢ Limited Quality 
Screening Defective Prediction |* Costly 
e After-The-Fact 


Identifies Variability 
Reduces Costs 
Real Time 


Statistical Process 
Control 


Just-In-Time 
Manufacturing 


Process 
Optimization 


Design of Experi- 
ments 
Process Simulation 


Design for Produc- 
ibility 
Product Simulation 


Minimizes Variability 
Before-The-Fact 


Insensitive to Vari- 

ability 

Designed-in Quality 
e Optimal Results 


Optimization 


Harris engineers are, instead, using Design of Experiments 
(DOX), a scientifically disciplined mechanism for evaluating 
and implementing improvements in product processes, 
materials, equipment, and facilities. These improvements 
are aimed at upgrading process performance by studying 
the key variables controlling the process, and optimizing the 
procedures or design to yield the best result. This approach 
is a more time-consuming method of achieving quality per- 
fection, but a better product results from the efforts, and the 
basic causes of product nonconformance can be eliminated. 


SPC, DOX, and design for manufacturability, coupled with 
our 100% test flows, combine in a product assurance 
program that delivers the quality and reliability performance 
demanded for today and for the future. 


Average Outgoing Quality (AOQ) 


Average Outgoing Quality is a yardstick for our success in 
quality manufacturing. The average outgoing electrical 
defective is determined by randomly sampling units from 
each lot and is measured in parts per million (PPM). The 
current procedures and sampling plans outlined in 
ANSI/ASQC Z1.4, MIL-STD-883 and MIL-PRF-38535 are 
used as a reference. 


The focus on this quality parameter has resulted in a contin- 
uous improvement to less than 25 PPM, and the goal is to 
continue improvement toward 0 PPM. 


Training 


The basis of a successful transition from conventional qual- 
ity programs to more effective, total involvement is training. 
Extensive training of personnel involved in product manu- 
facturing began in 1984 at Harris, with a comprehensive 
development program in statistical methods. Using the 
resources of Harris statisticians, private consultants, and 
internally developed programs, training of engineers, facili- 
tators, and operators/technicians has been an ongoing 
activity in Harris Semiconductor. 


Over the past years, Harris has also deployed a comprehen- 
sive training program for hourly operators and facilitators in 
job requirements and functional skills. All hourly manufactur- 
ing employees participate (see Table 5). 


Incoming Materials 


Improving the quality and reducing the variability of critical 
incoming materials is essential to product quality enhance- 
ment, yield improvement, and cost control. With the use of 
statistical techniques, the influence of silicon, chemicals, 
gases and other materials on manufacturing is highly 
measurable. Current measurements indicate that results are 
best achieved when materials feeding a_ statistically 
controlled manufacturing line have also been produced by 
Statistically controlled vendor processes. 


To assure optimum quality of all incoming materials, Harris 
has initiated an aggressive program, linking key suppliers 
with our manufacturing lines. This user-supplier network is 
the Harris Vendor Certification process by which strategic 
vendors, who have performance histories of the highest 
quality, participate with Harris in a lined network; the vendor's 
factory acts as if it were a beginning of the Harris production line. 


SPC seminars, development of open working relationships, 
understanding of Harris’s manufacturing needs and vendor 
Capabilities, and continual improvement programs are all part of 
the certification process. The sole use of engineering limits no 
longer is the only quantitative requirement of incoming materials. 
Specified requirements include centered means, statistical 
control limits, and the requirement that vendors deliver their 
products from their own statistically evaluated, in-control manu- 
facturing processes. 


In addition to the certification process, Harris has worked to 
promote improved quality in the performance of all our 
qualified vendors who must meet rigorous incoming inspec- 
tion criteria (see Table 6). 
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TABLE 5. SUMMARY OF TRAINING PROGRAMS 


SPC, Basic Manufacturing Operators, Harris Philosophy of SPC, Statistical Definitions, Statistical Calculations, Problem 
Non-Manufacturing Analysis Tools, Graphing Techniques, Control Charts 
Personnel 


SPC, Intermediate Manufacturing Supervisors, | Harris Philosophy of SPC, Statistical Definitions, Statistical Calculations, Problem 
Technicians Analysis Tools, Graphing Techniques, Control Charts, Distributions, Measurement 
Process Evaluation, Introduction to Capability 


SPC, Advanced Manufdcturing Engineers, Harris Philosophy of SPC, Statistical Definitions, Statistical Calculations, Problem 
Manufacturing Managers Analysis Tools, Graphing Techniques, Control Charts, Distributions, Measurement Pro- 
cess Evaluation, Advanced Control Charts, Variance Component Analysis, Capability 


Analysis 


Design of Experiments | Engineers, Managers Factorial and Fractional Designs, Blocking Designs, Nested Models, Analysis of Vari- 
ance, Normal Probability Plots, Statistical Intervals, Variance Component Analysis, Mul- 
tiple Comparison Procedures, Hypothesis Testing, Model Assumptions/Diagnostics 


Regression Engineers, Managers Simple Linear Regression, Multiple Regression, Coefficient Interval Estimation, Di- 
agnostic Tools, Variable Selection Techniques 

Response Surface Engineers, Managers Steepest Ascent Methods, Second Order Models, Central Composite Designs, 

Methods (RSM) Contour Plots, Box-Behnken Designs 

Capability Studies Techs, Facilitators, Engineers | Capability Indices (Cp and Cpx), Variance Components, Nested Models, Fixed and 
Random Effects 


QUALITY AND 
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TABLE 6. INCOMING QUALITY CONTROL MATERIAL QUALITY CONFORMANCE 


MATERIAL INCOMING INSPECTIONS VENDOR DATA REQUIREMENTS 


Silicon e Resistivity e Equipment Capability Control Charts 
¢ Crystal Orientation - Oxygen 
* Dimensions - Resistivity = 
* Edae Conditions - Total Thickness Variation 

g - Total Indicated Reading 
¢ Warp * Control Charts from On-Line Processing 
¢ Thickness 


¢ Certificate of Conformance 
¢ Total Thickness Variation 


e Backside Criteria 
Oxygen 


Chemicals 
- Assay 
- Major Contaminants 
¢ Molding Compounds 


Chemicals/Photoresists/ 
Gases 


Certificate of Analysis on all Critical Parameters 
° Certificate of Conformance 

¢ Control Charts from On-Line Processing 

¢ Control Charts 


- Spiral Flow ,, Rese 
- Thermal Characteristics y ; 
- Contaminants 
e Gases 
7 - Water 
; Ph mpurities - Selected Parameters 
en ¢ Control Charts 
- Viscosi 
; - Assay 
- Film Thickness - Contaminants 
- Solids 


¢ Control Charts on 
- Photospeed 
- Thickness 
- UV Absorbency 
- Filterability 
- Water 
Contaminants 


Thin Film Materials Assay Control Charts from On-Line Processing 
Selected Contaminants ¢ Control Charts 
- Assay 
- Contaminants 
- Dimensional Characteristics 
¢ Certificate of Analysis for all Critical Parameters 
Certificate of Conformance 


Assembly Materials Visual Inspection 
e Physical Dimension Checks 
¢ Bondability 

¢ Intermetallic Layer Adhesion 
¢ Thermal Characteristics 

e Lead Coplanarity 

e Plating Thickness 
Hermeticity 


Certificate of Analysis 
e Certificate of Conformance 
Process Control Charts on In-Line Process Controls 
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Calibration Laboratory 


Another important resource in the product assurance system 
is a calibration lab in each Harris Semiconductor operation 
site. These labs are responsible for calibrating the electronic, 
electrical, electro/mechanical, and optical equipment used in 
both production and engineering areas. The accuracy of 
instruments used at Harris is traceable to a national stan- 
dards. Each lab maintains a system which conforms to the 
current revision of ANSI/NCSL 2540-1. 


Each instrument requiring calibration is assigned a calibra- 
tion interval based upon stability, purpose, and degree of 
use. The equipment is labeled with an identification tag on 
which is specified both the date of the last calibration and of 
the next required calibration. The Calibration Lab reports on 
a regular basis to each user department. Equipment out of 
calibration is taken out of service until calibration is per- 
formed. The Quality organization performs periodic audits to 
assure proper control in the using areas. Statistical proce- 
dures are used where applicable in the calibration process. 


Manufacturing Science - CAM, JIT, TPM 


In addition to SPC and DOX as key tools to control the prod- 
uct and processes, Harris is deploying other management 
mechanisms in the factory. On first examination, these tools 
appear to be directed more at schedules and capacity. How- 
ever, they have a significant impact on quality results. 


Computer Aided Manufacturing (CAM) 


CAM is a computer based inventory and productivity 
management tool which allows personnel to quickly identify 
production line problems and take corrective action. In addi- 
tion, CAM improves scheduling and allows Harris to more 
quickly respond to changing customer requirements and 
aids in managing work in process (WIP) and inventories. 


The use of CAM has resulted in significant improvements in 
many areas. Better wafer lot tracking has facilitated a num- 
ber of process improvements by correlating yields to process 
variables. In several places CAM has greatly improved 
capacity utilization through better planning and scheduling. 
Queues have been reduced and cycle times have been 
shortened - in some cases by as much as a factor of 2. 


The most dramatic benefit has been the reduction of WIP 
inventory levels, in one area by 500%. This results in fewer 
lots in the area and a resulting quality improvement. In wafer 
fab, defect rates are lower because wafers snend less time in 
production areas awaiting processing. Lower inventory also 
improves morale and brings a more orderly flow to the area. 
CAM facilitates all of these advantages. 


Just In Time (JIT) 


The major focus of JIT is cycle time reduction and linear pro- 
duction. Significant improvements in these areas result in 
large benefits to the customer. JIT is a part of the Total Qual- 
ity Management philosophy at Harris and includes Employee 
Involvement, Total Quality Control, and the total elimination 
of waste. 


Some key JIT methods used for improvement are sequence 
of events analysis for the elimination of non-value added 
activities, demand/pull to improve production flow, TQC 
check points and Employee Involvement Teams using root 
Cause analysis for problem solving. 


JIT implementations at Harris Semiconductor have resulted 
in significant improvements in cycle time and linearity. The 
benefits from these improvements are better on time deliv- 
ery, improved yield, and a more cost effective operation. 


JIT, SPC, and TPM are complementary methodologies and 
used in conjunction with each other create a very powerful 
force for manufacturing improvement. 


Total Productive Maintenance (TPM) 


TPM or Total Productive Maintenance is a specific methodol- 
ogy which utilizes a definite set of principles and tools focus- 
ing on the improvement of equipment utilization. It focuses 
on the total elimination of the six major losses which are 
equipment failures, setup and adjustment, idling and minor 
stoppages, reduced speed, process defects, and reduced 
yield. A key measure of progress within TPM is the overall 
equipment effectiveness which indicates what percentage of 
the time is a particular equipment producing good parts. The 
basic TPM principles focus on maximum equipment utiliza- 
tion, autonomous maintenance, cross functional team 
involvement, and zero defects. There are some key tools 
within the TPM technical set which have proven to be very 
powerful to solve long standing problems. They are initial 
clean, P-M analysis, condition based maintenance, and 
quality maintenance. 


Utilization of TPM has shown significant increases in utiliza- 
tion on many tools across the Sector and is rapidly becoming 
widespread and recognized as a very valuable tool to 
improve manufacturing competitiveness. 


The major benefits of TPM are capital avoidance, reduced 
costs, increased capability, and increased quality. It is also 
very compatible with SPC techniques since SPC is a good 
stepping stone to TPM implementation and it is in turn a 
good stepping stone to JIT because a high overall equip- 
ment effectiveness guarantees the equipment to be available 
and operational at the right time as demanded by JIT. 
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Introduction 


At Harris Semiconductor, reliability is built into every product 
by emphasizing quality throughout manufacturing. This starts 
by ensuring the excellence of the design, layout, and 
manufacturing processes. The quality of the raw materials 
and workmanship is monitored using statistical process 
control (SPC) to preserve the reliability of the product. The 
primary and ultimate goal of these efforts is to provide full 
performance to the product specification throughout its useful 
life. 


Reliability Engineering 


The Reliability Engineering department is responsible for all 
aspects of reliability assurance at Harris Semiconductor: 


¢ Charter 


- To ensure that Harris is recognized by our customers and 
competitors as a company that consistently delivers prod- 
ucts with high reliability. 


¢ Mission 
- To develop systems for assessing, enhancing, and assuring 
that quality and reliability are integrated into all aspects of 
our business. 


e Vision 
- To establish excellence and integrity through all design and 
manufacturing processes as it relates to quality and reliabil- 


ity. 


Values 


¢ To be considered responsive and service oriented by 
our customers. 

e To be acknowledged by Harris as a highly qualified 
resource for reliability assurance, product analysis, and 


electronic materials characterization. 

To successfully utilize the organization's talents through 
trained, empowered employees/employee team partici- 
pation. 

To maintain an attitude of integrity, dignity and respect 
for all. 


Strategy 


¢ To provide quantitative assessments of product reliabil- 
ity focusing on the identification and timely elimination 
of design and processing deficiencies that degrade 
product performance and operating life expectancy. 

To provide systems for continuous improvement of reli- 
ability and quality through the assessment of existing 
processes, products, and packages. 

e To perform product analysis as a means of problem 
solving and feedback to our customers, both internal 
and external. 

To exercise full authority over the internal qualifications 
of new products, processes, and packages. 


The reliability organization is comprised of a team that 
possesses a broad cross section of expertise in these areas: 


¢ Custom Military (Radiation Hardened) 

e Automotive ASICs 

¢ Harsh Environment Plastic Packaging 

e Advanced Methods for Design for Reliability (DFR) 
¢ Strength in Power Semiconductor 

e Chemical/Surface Analysis Capabilities 

¢ Failure Analysis Capabilities 


The reliability focus is customer satisfaction (external and 
internal) and is accomplished through the development of 
standards, performance metrics, and service systems. These 
major systems are summarized below: 


e A process and product development system known as 
ACT PTM (Applying Concurrent Teams to Product-To- 
Market) has been established. The ACT PTM philosophy 
is one of new product development through a team that 
pursues customer involvement. The team has the author- 
ity, responsibility, and training necessary to successfully 
bring the product to market. This not only includes product 
definition and design, but also all manufacturing capabili- 
ties as well. 


Standard test vehicles (over 100) have been developed for 
process characterization of wear-out failure mechanisms. 
These vehicles are used for conventional stresses (for 
modeling failure rates) and for wafer level reliability char- 
acterization during development. 


¢ Common qualification standards have been established 
for all sites. 


A reliability monitoring system (known as the Matrix Moni- 
toring System) is utilized for products in production to 
ensure ongoing reliability and drive continuous improve- 
ment. 


The field return system is designed to handle a variety of 
customer issues in a timely manner. Product issues are 
often handled by routing the product into the PFAST 
(Product Failure Analysis Solution Team) system. Return 
authorizations (RAs) are issued when an entire lot of prod- 
uct needs to be returned to Harris. The Customer Return 
Services (CRS) group is responsible for the administration 
of this system (see Customer Return Services.) 


¢ The PFAST system has been established to expedite fail- 
ure analysis, root cause determination, and corrective 
actions for field returns. PFAST is a team effort involving 
many functional areas at all Harris sites. The purpose of 
this system is to enable Harris’ Field Sales and Quality 
operations to properly route, track, and respond to our 
customer's needs as they relate to product analysis. 
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Design for Reliability 
(Wear-Out Characterization) 


The concept of “Design for Reliability” focuses on moving 
reliability assessment away from tests on sample product to a 
point much earlier in the design cycle. Effort is directed at 
building in and verifying the reliability of a new process well 
before manufacture of the first shippable product that uses 
that technology. This gives these first new products a higher 
probability of success and achieves reduced product-to- 
market cycle times. 


In practice, a set of standardized test vehicles containing 
special test structures are transferred to the new process 
using the layout ground rules specified for that process. Each 
test structure is designed for a specific wear-out failure 
mechanism. Highly accelerated stress tests are performed on 
these structures and the results can be extrapolated to 
customer use conditions. Generally, log-normal statistics are 
used to define wear-out distributions for the life prediction 
models. The results are used to establish reliability design 
ground rules and critical node lists for each process. These 
ground rules and critical nodes ensure that wear-out failures 
do not occur during the customer's projected use of the 
product. 


Process/Product/Package Qualifications 


Once the new process has successfully completed wear-out 
characterization, the final qualification consists of more 
conventional testing (e.g. biased life, storage life, temp cycle 
etc.). These tests are performed on the first new product 
designs (sampled across multiple wafer production lots). 
Successful completion of the final qualification tests 
concurrently qualifies the new process and the new products 
that were used in the qualification. Subsequent products 
designed within the now-established ground rules are 
qualified individually prior to introduction. New package 
configurations are also qualified individually prior to being 
available for use with new products. 


Harris’s qualification procedures are specified via controlled 
documentation and the same standard is used at Harris’s 
sites worldwide. Figure 4 gives more information on the new 
process/product development and life cycle. 


Product/Package Reliability Monitors 


Many of the accelerated stress-tests used during initial 
reliability qualification are also employed during the routine 
monitoring of standard product. Harris’s continuing reliability 
monitoring program consists of three groups of stress tests, 
labeled Matrix |, Il and Ill. Table 7 outlines the Matrix tests 
used to monitor plastic packaged ICs in Harris's off-shore 
assembly plants, where each wafer fab technology is 
sampled. Matrix | consists of highly accelerated, short 
duration (typically 48 hours) tests, sampled biweekly, which 
provide real-time feedback on product reliability. Matrix II 
consists of the more conventional, longer term stress-tests, 
sampled monthly, which are similar to those used for product 
qualification. Finally, Matrix Ill, performed monthly on each 
package style, monitors the mechanical reliability aspects of 


the package. Any failures occurring on the Matrix monitors are 
fully analyzed and the failure mechanisms identified, with 
containment and _ corrective actions obtained from 
Manufacturing and Engineering. This information along with 
all of the test results are routinely transmitted to a central data 
base in Reliability Engineering, where failure rate trends are 
analyzed and tracked on an ongoing basis. These data are 
used to drive product improvements, to ensure that failure 
rates are continuously being reduced over time. 


Reliability data, including the Matrix Monitor results, can be 
obtained by contacting your local Harris sales office, or on the 
worldwide web at URL:http://rel.semi.harris.com. 


TABLE 7. PLASTIC PACKAGED IC MONITORING TESTS 


MATRIX | 
ACCEPT 


TEST CONDITIONS DURATION NUM. 
Autoclave +121°C, 45/0 
100%RH, 15PSIG 


MATRIX Il 
ACCEPT 


TEST CONDITIONS DURATION NUM. 
Autoclave +121°C, 192 Hours 45/0 
100%RH, 15PSIG 


Biased Humidity | +85°C, 85% RH | 1000 Hours 45/0 
Biased Life +125°C 1000 Hours 45/0 
Dynamic Life +125°C 1000 Hours 45/0 
Storage Life +150°C 1000 Hours 45/0 
Temp. Cycle -65°C to +150°C | 1000 Cycles 45/0 


MATRIX Ill 
ACCEPT 


TEST CONDITIONS NUM. 


SAMPLE- 


SAMPLE- 


SAMPLE- 
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FLOW - PROCESS/PRODUCT 
DEVELOPMENT RELIABILITY FOCUS 


PRODUCT DEFINITION REVIEW e Assumes process development required 
xk 
CONCEPT REVIEW ¢ Evaluate reliability risks factors 


| e Attain commitment for test vehicle development 


xe 


DESIGN REVIEW e Review test vehicle development and stress test plan 


e Review package requirements and ESD requirements 
¢ Review latent random failure mechanism history and design for elimination 
e Review ground rules for design and elimination of wear-out mechanisms 


¢ Review process characterization, statistical control and capability and critical 
node list 


¢ Review device modeling and simulations 
e Review process variability and producibility 
¢ Define wafer level reliability vehicles 


xk k 


¢ Evaluate design of chip to package risk factors 


e Review Design ground Rule Checks (DRCs) 

¢ Establish reliability test, stress and failure analysis capabilities 
e Project failure rate based on test vehicle data 

e Review burn-in diagrams for production and qualification 

e Review overall qualification plan 


xe 


TEST VEHICLE FABRICATION 


¢ Test vehicles and/or product constructed 
¢ Conduct wear-out characterization and/or product stress testing 


xker 


e Review test vehicle stress results 

e Verify wear-out mechanisms are eliminated by design and Statistical Process 
Control (test vehicle + SPC) 

e Review product characterization to data sheet, ESD, latch-up and Destructive 
Physical Analysis (DPA) results and define corrective actions 

e Review of life test data and failure mechanisms. Define corrective actions 

¢ Utilize statistical Design Of Experiments (DOX) if required to adjust process or de- 
sign 

¢ Define necessary changes to eliminate any systematic failure mechanism 

e If mature process - grant generic release 

* Qualification requirements complete and presented. Meet FIT rate requirements 

e Review infant mortality burn-in results 

¢ Initiate reliability monitor plan 


+ Reliability Monitors 


- Matrix monitor assessment 

- Military quality conformance testing 
¢ Trend analysis of reliability performance used to develop product improvements 
¢ Yield management support 


EVALUATION REVIEW 


*“** 


xk 


| sss SHIPMENT) =——S—sY:=s|:s® High quality and reliable products shipped to Harris customers 


xe 


CONTINUOUS IMPROVEMENT ¢ Failure Analysis - Determine assignable cause of failure 


¢ Closed loop corrective action process 
¢ Continuous improvement objectives in product reliability and quality 


FIGURE 4. NEW PROCESS/PRODUCT DEVELOPMENT AND LIFE CYCLE 
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Customer Return Services 


Harris places a high priority on resolving customer return 
issues. The Customer Return Services (CRS) department is 
responsible for determining the best manner to handle a 
return issue as illustrated in Figure 5. 


RA PFAST 
REQUEST REQUEST 


ELECTRICAL TEST/ 
PROBLEM VERIFICATION 


FAILURE 
ANALYSIS 


CONTAINMENT ACTIONS 
AND CORRECTIVE ACTIONS 


FIGURE 5. GENERAL RETURN FLOW 


The diversity of return reasons requires that many different 
organizations be involved to test, analyze, and correct field 
return issues. The CRS group coordinates the responses 
from the supporting organizations to drive closure of issues 
within the customer response time requirements, see Figure 
6. The results from the work performed on customer returns 
are used to initiate corrective actions and continuous 
improvements within the factories. 


The two methods used to return devices are by a RA (Return 
Authorization) request or by a PFAST (Product Failure 
Analysis Solution Team) request. The main difference 
between RA and PFAST is that the PFAST requests often 
require extensive analysis and a more formal response to the 
customer. All returns follow the same general procedure from 
the customer's perspective as seen in steps one to four of the 
customer return procedure. 


e Step 1 - Customer or Sales office contacts the Cus- 
tomer Return Services department. If a return is to be 
routed into the PFAST system, then a PFAST Action 
Request (see the PFAST form in this section) needs to 
be completed to understand the customer's issue and 
direct the analysis efforts. 


Phone Number: (407)-724-7400 
FAX Number: (407)-724-7658 
Internet: creturn @harris.com 
PROFS: CRETURN 


Step 2 - The Customer Return Services department 
notifies all affected sales, factory, and engineering 
organizations of the issue. 


Step 3 - When product is received, the issue is verified 
and any required analysis is performed. Where applica- 
ble, a preliminary analysis report is sent to the cus- 
tomer. 


Step 4 - A determination of the root cause of failure ini- 
tiates the corrective actions to address the source of 
the problem. A final corrective action report is sent to 
the customer if requested. 


The RA request is used to return and replace an entire lot of 
product. The lot is returned to Harris for replacement or credit. 
Once the product is received various tests and evaluations will 
be performed to determine the appropriate actions that should 
be taken to resolve any problems or issues. 


A PFAST request is used to return a small sample for analysis 
of a problem. The ultimate outcome of both types of requests 
is to determine corrective actions that would preclude the 
same problem occurring in the future. Where appropriate, a 
containment plan is also implemented to prevent a re- 
occurrence of the problem in the field. The customer return 
flow diagram (Figure 6) provides the typical activities and 
cycle times for processing a PFAST request. See Figure 7 for 
the PFAST request form which contains data supplied by the 
customer that is essential to timely and accurate failure 
analysis. 


CUSTOMER RETURN SERVICES 


To resolve product quality issues 
while providing feedback to both 
external and internal customers to 
facilitate corrective actions and 
continuous improvement of the 
product. 


factory for 


CHARTER | MISSION RESPONSIBILITIES 


To provide a single point interface 
between the customer and the 
resolving 
problems, issues, and field returns. 


Maintain customer return history. 


techrical Track returns through the factory. 


3. Establish a history library of problems 
and corrective actions. 


Ensure closure with customers. 
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STATUS UPDATE 


PRODUCT ANALYSIS REPORT 


CUSTOMER RETURN SERVICES GROUP a 


SALES 
OFFICE 


CORRECTIVE 
ACTION 
REPORT 
TEST 
ANALYSIS 
REQUIRED? 
PRODUCT 
ENGINEERING YES 
ANALYSIS 
LABORATORY 
sioeinienansiae MANUFACTURING 
ENGINEERING 
2 —— 3 DAYS | ——__ 15 DAYS ——___ | = —_———_- 15 DAYS ——____> 
FINAL 
iil FAILURE FAILURE ANALYSIS CORRECTIVE ACTIONS euTpur 
VERIFICATION (IF REQUIRED) AND CONTAINMENT ACTIONS 


eee 9a DATS On ee 


NOTE: The days indicated are the typical number of ‘working days’ not calendar days. Analysis difficulty and the nature of the corrective 


actions may either improve or degrade the total cycle time. 


FIGURE 6. CUSTOMER RETURN FLOW DIAGRAM 


Product Analysis Lab 


The Product Analysis Laboratory capabilities and charter 
encompass the isolation and identification of failure modes 
and mechanisms, preparing comprehensive _ technical 
reports, and assigning appropriate corrective actions. The 
primary activities of the Product Analysis Lab are electrical 
verification/characterization of the failure, package inspec- 
tion/analysis, die inspection/analysis, and circuit isola- 
tion/probing. A variety of tools and techniques have been 
developed to ensure the accuracy and integrity of the prod- 
uct analysis. This section lists some of the tools and tech- 
niques that are employed during a typical analysis. 


The electrical verification/characterization of devices failing 
electrical parameters is essential prior to performing an anal- 
ysis. The information obtained from the electrical verification 
provides a direction for the analysis efforts. The following 
electrical verification/characterization equipment may be 
used to obtain electrical data on a device: 


¢ HP82000M Mixed Signal Tester 
LV500 ASIC verification system 
LTS2020 Analog tester 


e Curve Tracer 


e Parametric Analyzer 


Prior to die level analysis, package inspection and analysis 
are performed. These steps are performed routinely since 
valuable data may not be obtainable once the package is 
opened. The package inspection and analysis may require 
the use of some of the following lab equipment: 


e X-Ray 
¢ C-Mode Scanning Acoustic Microscope (C-SAM) 
e Optical inspection microscopes 


e Package opening tools and techniques 
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S&EMICCNODOJSCTOR 


Customer: 
Address; 


Sales: 

Address: 
City/State/Zip: City/State/Zip: 
Phone#: Phone#: 

Fax#: Fax#: 

E-Mail: E-Mail: 
Contact Name: Contact Name; 


Product Information: *Please supply a copy of the shipper if available. 
Harris Part# Customer Part#: 

Qty Purchased: C—(‘“‘;WUCOCPOSR: 

Qty Failed: SO#: 

Sample Qty Returned: Lot#: 

Date Code/Bottom Code(s). Package/Lead Count: 


(PFAST) ACTION REQUEST 
Product Failure Analysis Solution Team 


PFAST# 


sl ti‘“tCéC*@N tlVNV 
Customer Ref#(SCAR) 
Distributor: 
Address: 
City/State/Zip: 
Phone#: 


Fax#: ee 


E-Mail: 
Contact Name: 


Check All Boxes That Are Required: 
Test Verification: 
Failure Analysis: 
Corrective Action: 
Product Return Pending:y/n (Qty): 

Apps. Engineer contacted?; 


Please place an "X" next to the appropriate failure category and give specific details about the failure in the Problem Description area. 


Administrative Problem: 
Ship Quantity: __ Mixed Product: _ Other: _ 
Packaging: ____ Wrong Product: Labeling: 
Insufficient Test: Shipping Damage: ____ 
Brand Error(Incorrect/T ypo) **Include all information about brand 
under the problem description. 
Visual/Mechanical Failure: 
Where was failure detected: Incoming _Board__ or Field__ 
Package Dimensions: Hermeticity: 
Internal Die/Assembly Visual: PIND: 
External Package Visual: Bent Leads: 
Solderability/Lead Finish: Other: 
Brand(Adherence): 
Tape & Reel (Loose tape, peel strength, orientation): 
***Include tape sealing information off the reel: 


————EE 


Electrical Failure: §**Please remove conformal coating** 
Qty Qty Not 

Tested Failed Performed 
Incoming 
Board 
System 
Field _ _ _ 
Failure Mode: AC__. DC__  Non-Functional 
Hours of operation before failure . Estimated failure rate 
Do other date codes work? yes____ no___. If yes, list D/C’s: 


Tester Mfg 
Test Temp oC 


Describe failure with reference to supply voltages. Attach an additional 
sheet or schematics if necessary: 


PROM: Please supply master unit or disk (Data I/O format) with pattern. 


Problem Description: Please describe the failure in detail and list all processing that occurred prior to the failure (attach additional paper as needed): 


Technical Contact: 


Harris Internal Use: 

Mask Pkg PE 
Fab Assy Test. 
T&R Seal Date Probe 


‘*lf you need assistance completing th 


orm please call 4U 4-/4U00 or e-mail cre 


Phone Number: 


n@harris.com or fax 4U 4-7656 Rev#: 
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Once the device has been opened, die inspection and analy- 
sis can be performed. Depending on the type of failure, sev- 
eral tools and techniques may be used to identify the failure 
mechanism. Usually the faster and easier to use operations 
are performed first in an attempt to expedite the analysis. 
The list of equipment and techniques for performing die 
inspection and analysis is as follows: 

¢ Optical microscopes 

e Liquid crystal 

e Emission microscope 

e Scanning electron microscopes - SEM 

The final step of circuit isolation is ready to be performed 
when an area of the circuit has been identified as the source 
of the problem through one of the previous analysis efforts. 
Circuit analysis is performed using the following probing and 
isolation tools: 

e¢ Mechanical probing 

e Laser cutter and isolation 

e E-Beam probing 

¢ Cross sectioning and chemical deprocessing 

A typical analysis flow is shown in the Figure 8 below. The exact 
analysis steps and sequence are determined as the situation 
dictates. For the analysis to be conclusive, it is essential that the 


failure mechanism correlates to the initial product failure condi- 
tions. Some failure mechanisms require elemental and chemi- 


FAILURE VERIFICATION 
EXTERNAL INSPECTION 
FINE LEAK TEST 


GROSS LEAK TEST 
SPECIAL TESTS 


FAILURE MODE 
PREDICTIONS 


ELECTRICAL ANALYSIS 


SELECT ANALYSIS PATH 


NON-DESTRUCTIVE 


cal analysis to identify the root cause within the manufacturing 
process. Elemental and chemical analysis tasks are sent to the 
Analytical Services Lab for further evaluation. 


The results of each analysis are entered into a computer 
data base. This data base is used to search for specific 
types of problems, to identify trends, and to verify that the 
corrective actions were effective. 


Analytical Services Laboratory 


Chemical and physical analysis of materials and processes is 
an integral part of Harris’ Total Quality/Continuous 
Improvement efforts to build reliability into processes and 
products. Manufacturing operations are supported with real- 
time analyses to help maintain robust processes. Analyses 
are run in cooperation with raw material suppliers to help them 
provide controlled materials in dock-to-stock procurement 
programs. 


Harris facilities, engineering, manufacturing, and product 
assurance are supported by the Analytical Services 
Laboratory. Organized into chemical or microbeam analysis 
methodology, staff and instrumentation from both labs 
cooperate in fully integrated approaches necessary to 
complete analytical studies. 


The department also maintains ongoing working 
arrangements with commercial laboratories, universities, and 
equipment manufacturers to obtain any materials analysis in 
cases where instrumental capabilities are not available in our 
own facility. Figure 9 and Figure 10 show the capabilities of 
each area. 


DEENCAPSULATION 
INTERNAL VISUAL 
INSPECTION 
INTERNAL ELEC- 
TRICAL PROBE 
ANALYSIS 


PROCESS 
D. 


PHYSICAL 
ATA TESTS 
RESEARCH 
DATA 


CHEMICAL 
TESTS 


CIRCUIT 
=e Fact 
DESTRUCTIVE 


FIGURE 7. ANALYSIS SEQUENCE 
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MICROBEAM LABORATORY 
Uae ied ieee 


ELECTRON X-RAY OTHER 
BEAM ANALYSIS ANALYSIS 


SCANNING ENERGY SCANNING PROBE 
ELECTRON DISPERSIVE WITH AFM 
MICROSCOPES X-RAY AND STM 


SCANNING WAVELENGTH ELYMAT 
AUGER ELECTRON MATERIALS 
MICROPROBE MICROSCOPE CHARACTERIZATION 


TRANSMISSION X-RAY 
ELECTRON PHOTOELECTRON 
MICROSCOPE SPECTROMETER 


SECONDARY 
ION MASS FLUORESCENCE 
SPECTROSCOPY 


FIGURE 8. MICROBEAM LABORATORY 


CHEMISTRY LABORATORY 


SPECTROSCOPY SEPARATION METHODS THERMAL ANALYSIS PHYSICAL TESTING 


DIFFERENTIAL 


SCANNING PROFILOMETERS 


MISSION GAS 
CHROMATOGRAPH CALORIMETER 


e 
SPECTROGRAPH 
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FOURIER TRANSFORM 


THERMOGRAVIMETRIC MICROHARDNESS 
SPECTROPHOTOMETER ANALYZER 


ION 
CHROMATOGRAPH 


UV VISIBLE 
SPECTROPHOTOMETER 


GAS 
CHROMATOGRAPH THERMOMECHANICAL 
MASS SPECTROMETER ANALYZER 


H20, 02 AND THC 
ANALYZERS 


ORGANIC CARBON 
ANALYZER 


MASS SPECTROMETER 
(PACKAGE GAS 
ANALYSIS) 


MASS 
SPECTROMETER 


ATOMIC ABSORPTION 
SPECTROPHOTOMETER 


GRAPHITE 
FURNACE 


FIGURE 9. CHEMISTRY LABORATORY 
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Reliability Fundamentals and Calculation 
of Failure Rate 


Table 9 defines some of the more important terminology used 
in describing the lifetime of integrated circuits. Of prime 
importance is the concept of “failure rate” and its calculation. 


Failure Rate Caiculations 


Since reliability data can be accumulated from a number of 
different life tests with several different failure mechanisms, a 
comprehensive failure rate is desired. The failure rate 
calculation can be complicated if there are more than one 
failure mechanism in a life test, since the failure mechanisms 
are thermally activated at different rates The equation below 
accounts for these considerations along with a statistical 
factor to obtain the upper confidence level (UCL) for the 
resulting failure rate. 


B x 9 
i Mx 10 
A= > x5 
j= 4 
> TOH; AF; ¥ % 
j=1 {= 1 


where, 
= failure rate in FITs (Number fails in 10° device hours) 
= number of distinct possible failure mechanisms 
= number of life tests being combined 
X; = number of failures for a given failure mechanism 
Cs eee 
TDH; = Total device hours of test time (unaccelerated) for Life Test 
j,j= 1,2, 3, «+ 
AF; j= Acceleration factor for appropriate failure mechanism i = 1, 
2,...kK 
M= Xi, 2r+ 22 
where, 


X? = chi square factor for 2r + 2 degrees of freedom 
r = total number of failures (= x;) 
a= risk associated with UCL; 

i.e. a = (100-UCL(%))/100 


In the failure rate calculation, Acceleration Factors (AFj)) are 
used to derate the failure rate from the thermally accelerated 
life test conditions to a failure rate indicative of actual use 
temperature. Although no standard exists, a temperature of 
+55°C has been popular. Harris Semiconductor Reliability 
Reports will derate to +55°C and will express failure rates at 
60% UCL. Other derating temperatures and UCLs are 
available upon request. 


TABLE 8. FAILURE RATE PRIMER 


TERMS DEFINITIONS/DESCRIPTION 


Failure Rate A 


FIT (Failure In Time) 


The summation of the number of units in operation multiplied by the time of operation. 


ponential life distribution. 


MTTF (Mean Time To Failure) 


Measure of failure per unit of time. The early life failure rate is typically higher, decreases slightly, 
and then becomes relatively constant over time. The onset of wear-out will show an increasing fail- 
ure rate, which should occur well beyond useful life. The useful life failure rate is based on the ex- 


Measure of failure rate in 10° device hours; e.g., 1 FIT = 1 failure in 10° device hours, 100 FITS = 
100 failure in 10° device hours, etc. 


Mean of the life distribution for the population of devices under operation or expected lifetime of an 


individual, MTTF = 1/A, which is the time where 63.2% of the population has failed. Example: For 
A= 10 FITS (or 10 E-9/Hr.), MTTF = 1/A = 100 million hours. 


Confidence Level (or Limit) 


Probability level at which population failure rate estimates are derived from sample life test: 10 FITs 


at 95% UCL means that the population failure rate is estimated to be no more that 10 FITs with 95% 
certainty. The upper limit of the confidence interval is used. 


Acceleration Factor (AF) 


Aconstant derived from experimental data which relates the times to failure at two different stresses. 
The AF allows extrapolation of failure rates from accelerated test conditions to use conditions. 
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Acceleration Factors 


Acceleration factor is determined from the Arrhenius 
Equation. This equation is used to describe physiochemical 
reaction rates and has been found to be an appropriate model 
for expressing the thermal acceleration of semiconductor 
failure mechanisms. 


E 
ar = exe[S8(gt-- 1 
USE “STRESS 


where, 
AF = Acceleration Factor 
E, = Thermal Activation Energy (See Table 10) 
k = Boltzmann's Constant (8.63 x 10-5 eV/°K) 


Both Tuse and Tstress (in degrees Kelvin) include the internal 
temperature rise of the device and therefore represent the 
junction temperature. 


Activation Energy 


The Activation Energy (Eg) of a failure mechanism is 
determined by performing at least two tests at different levels 
of stress (temperature and/or voltage). The stresses will 
provide the time to failure (t;) for the two (or more) populations 
thus allowing the simultaneous solution for the activation 


energy as follows: 
In (te) = C + E, In (to) = C + Es 


kT, kT» 


By subtracting the two equations and solving for the activation 
energy, the following equation is obtained: 


: K[In(ts, ) - In(t5)] 
a” ~(1/T1-1/T2) 
where, 
E, = Thermal Activation Energy (See Table 10) 
k = Boltzmann’s Constant (8.63 x 10-5 eV/°K) 


T1, To = Life test temperatures in degrees Kelvin 


TABLE 9. FAILURE MECHANISM 


Corrosion 


Assembly 
Defects 


Temperature cycling, 
mechanical shock, 
stressing. 


0.5eV - 0.7eV 


Electromigration 
- AlLine 


- Contact 


Mask Defects/ 
Photoresist 
Defects 


Contamination 


Charge Injection 1.3eV 


FAILURE ACTIVATION SCREENING AND 
MECHANISM ENERGY TESTING METHODOLOGY CONTROL METHODOLOGY 
Oxide Defects 0.3eV-0.5eV | High temperature operating life (HTOL) and | Statistical Process Control of oxide parameters, 
voltage stress. Defect density test vehicles. defect density control, and voltage stress testing. 
Silicon Defects 0.3eV-0.5eV | HTOL and voltage stress screens. Vendor statistical Quality Control programs, and 
(Bulk) Statistical Process Control on thermal processes. 
0.45eV Highly accelerated stress testing (HAST) 


temperature and 
and = environmental 


Test vehicle characterizations at highly 
elevated temperatures. 

0.6eV 

0.9eV 

0.7eV Mask FAB comparator, print checks, defect 
density monitor in FAB, voltage stress test 
and HTOL. 


C-V stress at oxide/interconnect, wafer FAB 
device stress test and HTOL. 


HTOL and oxide characterization. 


Passivation dopant control, hermetic seal control, 
improved mold compounds, and product han- 
dling. 


Vendor Statistical Quality Control programs, 
Statistical Process Control of assembly process- 
es, proper handling methods. 


Design ground rules, wafer process statistical 
process’ steps, photoresist, metals and 
passivation. 


Clean room control, ciean mask, pellicles, 
Statistical Process Control of photoresist/etch 
processes. 


Statistical Process Control of C-V data, oxide/ 
interconnect cleans, high integrity glassivation 
and clean assembly processes. 


Design ground rules, wafer level Statistical 
Process Control and critical dimensions for 
oxides. 
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APPLICATION NOTE AND TECHNICAL BRIEF ABSTRACTS 


PART NUMBER/ 
DOCUMENT 
NUMBER ABSTRACT 


APPLICATION NOTES 


(General DAQ) Glossary of Data Conversion Specification definitions and most-often-used terms used in the field of 
ANOO1 Terms (6 pages) data acquisition. 


(General DAQ) Principles of Data Acquisition | Basic Data Acquisition system design, quantizing theory, sampling theory, 
ANO02 and Conversion (20 pages) data coding, amplifiers and filters, settling time, DAC types, ADC types, 
reference circuits, analog multiplexers, sample and holds, specifications, 

and selection criteria. 


(General DAQ) Pick Sample-Holds by Monolithic considerations, error analysis, droop discussion, capacitor 
ANOO9 Accuracy and Speed and Keep | characteristics, deglitching sample and holds, and cascaded sample and 
Hold Capacitors in Mind hold designs. 


(7 pages) 
(General DAQ) Switching Signals with Analog switches are fast, low cost, and work well with the high impedance 
ANO12 Semiconductors (4 pages) of most signal circuits. Often they can replace reed relays. 
(General DAQ) Selecting A/D Converters Important selection parameters, the integrating converter, the SAR type 
ANO16 (7 pages) converter, multiplexed data systems, and a definition of terms. 
(General DAQ) Do’s and Don'ts of Applying System power routing errors, PCB layout rules, component selection, 
ANO18 A/D Converters (4 pages) thermal effects, and maximizing the FSR range of the converter. 


(General DAQ) A Cookbook Approach to High | High speed system block diagram, layout considerations, multiplexer 
ANO20 Speed Data Acquisition and considerations differential amplifiers, sample and hold amplifier, SAR type 
Microprocessor Interfacing ADCs, DAC design, and microprocessor interfacing. 
(23 pages) 


(General DAQ) Video Analog-to-Digital Comparator based flash converters, quantization noise, the decoder, a 
ANO43 Conversion (6 pages) two-stage flash converter, and hybrid considerations. 


(General DAQ) Games People Play with A/D | Various real world applications for A/D converters, LCD annunciator 
ANO47 Converters (27 pages) drivers, decimal point drivers, a low battery detect application, blanking the 
display on low battery detect, controlling LED brightness, instant continuity 
detector, high voltage display driver, a gas discharge plasma display, DVM 
circuit, a tachometer design, measuring the gain of a transistor, running off 

a 1.5V supply, a simple capacitor meter, and a weighing system. 


(General DAQ) Know Your Converter Codes __{ Analyzing digital codes, ADC and DAC operating basics, Bipolar coding 
ANO48 (5 pages) techniques, and coding limitations. 


(General DAQ) CMOS Analog Multiplexers Switch selection criteria, data sheet definitions, care and feeding of 
AN520 and Switches; Application multiplexers and switches, digital interface, practical multiplexer 
Considerations (9 pages) applications alternative to CMOS switches and multiplexers. 
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(General DAQ) Getting the Most Out of CMOS | CMOS vs bipolar device performances, overvoltage and channel 
AN521 Devices for Analog Switching | interaction conditions, JI technology and latch-up, floating body Jl 
Jobs (7 pages) technology, fool-proof CMOS analog multiplexer, other DI benefits. 


To Order Literature, See Section 17 for Harris’ On-Line Services. 15-1 


Technical Literature Abstracts continued) 


PART NUMBER/ 
DOCUMENT 
NUMBER TITLE ABSTRACT 
(General DAQ) Digital-to-Analog Converter Explains DAC terminology, Resolution Gain Error, Offset Error, Linearity 
AN522 Terminology (3 pages) Error, Differential Linearity Error, Drift, Settling Time, etc. 
(General DAQ) Digital-to-Analog Converter Use of High Speed DACs in tracking, servo, and successive approximation 
AN524 High Speed ADC Applications | Analog-to-Digital Converters. Design ideas for Data Acquisition Systems. 


(3 pages) 


(General DAQ) Analog Switch Applications in | System configurations, analog switch types, CMOS switch selection 
AN531 A/D Data Conversion Systems | guidelines, alternative uses of CMOS switches. 


(4 pages) 


(General DAQ) Common Questions Power supply considerations, input overvoltage protection, single supply 
AN532 Concerning CMOS Analog operation, various questions about Harris DI switches. 
Switches (4 pages) 


(General DAQ) Design Considerations for A collection of guidelines for the design of a Data Acquisition System. 
AN535 Data Acquisition Systems Includes signal conditioning, transducers, single-ended vs differential 
(DAS) (7 pages) signal paths, low level signals, filters, Programmable Gain Amplifiers, 

sampling rate, and computer interfacing. 


(General DAQ) Recommended Test Description of analog switch test methods employed at Harris 
ANS57 Procedures for Analog Semiconductor. 
Switches (6 pages) 


(General DAQ) Reduce CMOS-Multiplexer How to deal with output leakage, Overvoltage fault protection techniques, 
AN9337 Troubles Through Proper and new architectural designs to provide better fault protection. 
Device Selection (6 pages) 


(General DAQ) Using the DAC Reconstruct The DAC reconstruct board is designed to provide an analog 
AN9419 Board (8 pages) reconstruction of the digital data from an A/D converter. It can be used 
along with most Harris A/D converters to perform linearity, bandwidth or 

video testing. 


(General DAQ) Higher Speed Clock Rates A complete discussion on increasing the Digital-to-Analog clock frequency 
TB330 Help Ease Filtering to ease the burden of filtering. This helps to simplify any filtering choce by 
Requirements in moving harmonics and clock aliases away from the frequency band of 

Communication D/As interest. 


(2 pages) 


(General DAQ) Guidelines for Soldering The most commonly used techniques for soldering surface mounted 
TB334 Surface Mount Components to | devices (SMDs) to PC boards are Infrared (IR) and Vapor Phase (VP). 
PC Boards (2 pages) TB334 This article details both methods. 


(General DAQ), Understanding Glitch In AHigh | A complete discussion of glitch area and its effect on high speed 
HI5721 Speed D/A Converter Digital-to-Analog systems. 
TB325 (2 pages) 


(General DAQ), Measuring Spurious Free As high-speed DACs migrate into digital receivers and transmitters, 
HI5721 Dynamic Range in a D/A spectral specifications become more important to the system designer. 
TB326 Converter (2 pages) This paper covers Signal to Noise Ration (SNR), Total Harmonic Distortion 

(TDH) and Spurious Free Dynamic Rang (SFDR). 


(General DAQ), Setup and Hold High-speed D/A converters put great demands on the system designer 
HI5721 Considerations When Using when integrating them into the system. Logic timing must be carefully 
TB328 the HI5721 (2 pages) examined to ensure setup and hold times are satisfied. 


(General DAQ, Clamping the Analog Input of | There are various reasons for clamping the input to the HI5800. This 
HI5800) the HI5800 (1 page) article details possible applications. 
TB324 
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PART NUMBER/ 
DOCUMENT 


NUMBER 


(General A/D 
Converters) 
AN9675 


CA3304, CA3306, 
CA3318, HI-5700, 
HI5701, HI5800, 
HI1166, HI1175, 
HI1176, HI1276, 
HI1386, HI1396 
AN9214 


CDP68HC05C4 
AN8759 


HA-2420, 
HA-2425, HA-5330 
AN517 


HA-2546, 
HA-5020, 
HA-5033, 
HA-5177, HI-5700 
AN9313 


HA-5320 
AN538 


HI-0201 
AN9402 


HI-201HS 
AN543 


HI-222 
AN559 


HI-222 
AN9316 


HI-300 
AN534 


HI1166 
AN9328 


HI1171 
AN9411 
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TITLE 


A Tutorial in Coherent and 
Windowed Sampling with A/D 
Converters (8 pages) AN9675 


Using Harris’ High-Speed A/D 
Converters (10 pagés) 
AN9214.2 


Low Cost Data Acquisition 
System Features SPI A/D 
Converter (9 pages) 


Applications of Monolithic 
Sample and Hold Amplifier 


(5 pages) 


Circuit Considerations in 
Imaging Applications 
(8 pages) 


Monolithic Sample/Hold 
Combines Speed and 
Precision (6 pages) 


Keeping the HI-0201 Switch 
Closed when Removing the V+ 


Supply (1 page) 


New High Speed Switch Offers 
Sub-50ns Switching Times 


(7 pages) 


HI-222 Video/HF Switch 
Optimizes Key Parameters 


(7 pages) 


Power Supply Considerations 
for the HI-222 High Frequency 
Video Switch (2 pages) 


Additional Information on the 


HI-300 Series Switch 
(5 pages) 


Using the HI1166 Evaluation 
Board (9 pages) 


Using the HI1171 Evaluation 
Kit (6 pages) 


To Order Literature, See Section 17 for Harris’ On-Line Services. 


ABSTRACT 


A complete discussion of Coherent and Windowed Sampling with A/D 
Converters. 


PCB layout, grounding and power considerations for high speed converter 
board design, suggested voltage reference circuits, analog input buffers, 
bandwidth considerations, accuracy adjustments, logic family 
compatibility and interface examples, anti-aliasing filter theory, multiplexed 
inputs and input clamping for video signals. 


Discussions of a typical serial interface system, detailed description of the 
68HC68 architecture, multiple zone heating system design, digital storage 
scope design, and microcode for a low cost DAS. 


General Sample and Hold information and fourteen specific applications, 
including filtered Sample and Hold DAC de-glitcher Integrate-Hold-Reset, 
gated op amp, etc. 


Discussions of Video formats such as RS170, circuit design 
considerations, system design, test results and time division multiplexed 
systems. 


Description and electrical specifications for the HA-5320 Sample/Hold 
Amplifiers, explanation of error sources, and HA-5320 applications. 


In certain applications it is desirable to keep the switch in a certain state 
when one or both supplies are removed. This application note describes 
keeping the switch closed when the positive supply is removed. 


Application enhancement using the HI-201HS, high speed multiplexers, 
high speed sample and hold, analog switch and op amp circuitry, 
integrator with start/reset, low pass filter with select break frequency, 
amplifier with programmable gain, future applications. 


Description of the key specifications of the HI-222 such as power supply 
range VS lon, ton, differential gain and phase errors, switching transients 
and charge injection, continuous and peak current capability, off isolation, 
crosstalk and PC board layout. 


A guide to proper power supply sequencing for the HI-222 Video Switch. 


“ON” resistance, leakage currents, switching speeds, power supply 
requirements, internal switch operation and schematics, single supply 
operation, charge injection, power supplies, conditions and protective 
Circuitry. 


A description of how to use the HI1166, 250MHz, 8-bit A/D evaluation 
board. 


A description of how to use the HI1171 evaluation board. 


ABSTRACTS 
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PART NUMBER/ 
DOCUMENT 

NUMBER TITLE ABSTRACT 

HI1171, HI1176 =|: Using the HI1176/H1I1171 A description of how to use the HI1176/1171 Video A/D and D/A 
AN9329 Evaluation Board (5 pages) evaluation board. 

HI1175 Using the HI1175 Evaluation | A description of how to use the HI1175 Video A/D evaluation board. 

AN9331 Board (10 pages) 

HI1176, HI1179 =| ~;Using the HI1176/HI1179 A description of how to use the HI1176 / HI1179 evaluation board. 
AN9407 Evaluation Board (13 pages) 


HI1176 A discussion on the use of the built-in clamp circuit of the HI1176 device. 
AN9533 


Design Considerations When 


Using the HI1176 Input Clamp 
Circuit (4 pages) AN9533 


HI1386 Using the HI1386 Adapter A description of how to use the HI1386, 75MHz, 8-bit A/D adaptor board. 
AN9333 Board (2 pages) To be used with HI1396 evaluation board. 
HI1396 Using the HI1396 Evaluation A description of how to use the HI1396, 125MHz, 8-bit A/D evaluation 
AN9330 Board (9 pages) board. 

HI20201, HI20203 | Using the HI20201/03 A description of how to use the HI20201 / HI20203 evaluation board. 
AN9406 Evaluation Kit (11 pages) 


Theory of operation of a dual slope integrating type A/D converter used for 
bridge measurement, low-level sensors and several application circuits 
including a capacitance meter and digital thermometer. 


(General DAQ) Advantages ana Application of 
HI-5700, HI-5701 | Display Integrating A/D 


AN9213 Converters (6 pages) 


HI-5701 Using the HI-5701 Evaluation | Theory of operations discussion for the HI5701, a description and use of 
AN9216 Board (8 pages) the evaluation board, typical performance curve data on the HI5701, board 
layout and schematics. 


HI-5701 Replacing an MP7682 with an | A detailed discussion on upgrading from the Micro Power MP7682 to the 
TB323 HI5701 (1 pages) Harris HI5701. 


HI5702 Driving the Analog Input of the | The analog input can be configured in various ways depending on the 
AN9413 HI5702 (3 pages) signal source and the required level of performance. This paper details the 
theory and operation of this device. 


HI5702, HI5703, | Digital IF Sub Sampling Using | This note is about the conversion of previously analog receiver designs 
HSP43220, the HI5702, HSP45116 and into a digital form. It includes a technique for IF sub sampling that can 
HSP45116 HSP43220 (5 pages) simplify the digital circuits. An example of a digital receiver design, based 

AN9509 AN99509. 1 


HI5703 Using the HI5703 Evaluation A description of how to use the HI5703 evaluation board. 
AN9534 Board (13 pages) AN9534.1 

HI5710 Using the HI5710 Evaluation A description of how to use the HI5710 evaluation board. 
AN9511 Board (13 pages) AN9511 

HI5714 Using the HI5714 Evaluation A description of how to use the HI5714 evaluation board. 
AN9517 Board (11 pages) AN9517 

HI5721 Using The HI5721 Evaluation | A description of how to use the HI5721 evaluation board. 
AN9410 Module (11 pages) AN9410.1 


HI5721 Understanding the HI5721 D/A | Discussion of the HI5721 D/A Converter Spectral Specifications including 
AN9501 Converter Spectral SFDR, FFT and ENOB. 

Specifications (3 pages) 
AN9501.1 


HI5731 Using The HI5731 Evaluation | A description of how to use the HI5731 evaluation board. 
AN9602 Module (11 pages) AN9602 
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DOCUMENT 
NUMBER TITLE ABSTRACT 


HI5741 Optimizing Setup Conditions Details the optimized design techniques required to realize the full SFDR 
AN9619 for High Accuracy and low glitch capability of this 14-bit, 1OOMHz DAC. 
Measurements of the HI5741 
(4 pages) AN9619 
HI5741 Using The HI5741 Evaluation | A description of how to use the HI5741 evaluation board. 
AN9626 Module (12 pages) AN9626 
HI5741 Multi- Tone Performance of the | Provides a complete discussion of Multi-tone measurement. 
AN9629 HI5741 (3 pages) AN9629 


HI5746, HI5703 Performance Evaluation of the | A guide for using the robust HI5703 evaluation board to measure the 
AN9631 HI5746 Using the HI5703 performance of the new HI5746 device. 
Evaluation Board (7 pages) 
AN9631 


HI5780 Using The HI5780 Evaluation | A description of how to use the HI5780 evaluation board. 
AN9530 Module (9 pages) AN9530 
HI5800 Using the HI5800 Evaluation A description of how to use the HI5800 evaluation board. 
AN9203 Board (13 pages) 

HIS5804EVAL Using the HI5804 Evaluation A description of how to use the HI5804 evaluation board. 
AN9647 Board (14 pages) AN9647 


HI5805EVAL1 Using the HIS805EVAL1 A description of how to use the HI5805 evaluation board. 
AN9707 Evaluation Board (15 pages) 
AN9707 


HI5810, HI5812, 
HI5813, HI5816 
TB335 


Driving the Analog Input of the 
HI581X Family of 12-Bit 
Analog-to-Digital Converters 
(2 pages) TB335 


Driving the Analog Input of the HI581X Family of 12-Bit Analog-to-Digital 
Converters. 


ABSTRACTS 


Hi5812, HI5813 
AN9326 


A Complete Analog-to-Digital 
Converter Operating from a 
Single 3.3V Power Supply 

(4 pages) 


HI7188 Using The HI7188 Evaluation 
AN9518 Kit (22 pages) AN9518.1 
HI7188 Using The HI7188 Serial 
AN9538 Interface (5 pages) AN9538 
HI7188 Interfacing the HI7188 to a 
AN9610 Microcontroller (7 pages) 
AN9610 
HI7188 Using the HI7188 with a Single 
AN9620 Supply (3 pages) AN9620 


A discussion of the Harris HI5812, 12-bit, Analog-to-Digital Converter 
Operating from a Single 3.3V Power Supply 


A description of how to use the HI7188 evaluation kit. Included in the 
evaluation kit is the evaluation board, software (DOS and LabWindows), 
sample and literature. The literature includes the datasheet, application 
notes and technical briefs pertaining to this device. 


Describes the communication with the device via the serial interface. 
Includes a discussion of the communication cycles and examples of single 
byte or multi-byte transfers. 


This application note discusses the HI7188 serial port and details two 
application circuits and pseudo code useful in demonstrating how to 
interface the HI7188 to a microcontroller. 


Informs the system designer how to use the HI7188 with a single positive 
supply if a negative supply is not available. One approach is to offset the 
positive supply and the other is to use the ICL7660S to derive a negative 


supply. 


HI7188 Using the HI7188 to Create a_ | The purpose of this application note is to demonstrate the power and 
AN9634 64 Channel Multiplexed flexibility of the HI7188 to create a differential 64-channel A/D system. 
System (5 pages) AN9634 
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NUMBER TITLE ABSTRACT 


HI7188 HI7188 LabWindows 
AN9669 Evaluation Board Program 
(6 pages) AN9669 
HI7188 Amended Information to Using 
TB345 


the HI7188 Clock Input 
HI7188, HI7190, | Harris Sigma-Delta Calibration | Describes the calibration procedure and theory for the HI7188, HI7190 


(1 page) TB345 
HI7191 Technique (3 pages) TB329 and HI7191 A/D converters. 
TB329 


HI7190 
TB331 
HI7190 
AN9504 


HI7190, ICL7660S | Using the HI7190 with Single 
AN9601 +5V Supply (2 pages) AN9601 


Provides information about the LabWindows software written to support 
the HI7188 evaluation board. This program is windows-based and makes 
it very easy to program the HI7188 device. 


An update on a temporary change to the clock requirements for the 
HI7188. 


Using the HI7190 Serial 
Interface (3 pages) TB331 


Describes the communication with the device via the serial interface. 
Includes a discussion of the communication cycles and examples of single 
byte or multi-byte transfers. 


A Brief Introduction to Sigma 
Delta Conversion (7 pages) 
AN9504 


A complete discussion of the sigma-delta modulator theory. 


Informs the system designer how to use the HI7190 with a single positive 
supply if a negative supply is not available. This is accomplished by using 
the ICL7660S to derive a negative supply. 


HI7190 Using the HI7190 Evaluation A description of how to use the HI7190/1 evaluation board. 
AN9505 Kit (11 pages) 


HI7190 Interfacing the HI7190 to a This application note discusses the HI7190 serial port and details two 
AN9527 Microcontroller (5 pages) application circuits and pseudo code useful in demonstrating how to 
HI7190 
AN9532 


AN9527 interface the HI7190 to a microcontroller. 
ICL7103A, Build an Auto-Ranging DMM Basic circuit configuration and operation, decimal point drive, interface to 
ICL8052 with the ICL7103A/8052A A/D | parallel data systems, auto-ranging designs, issues and solutions for 
ANO28 Converter Pair (6 pages) proper operation. 


ICL7104 ICL7104: A Binary Output A/D 
ANO30 Converter for Microprocessors 
(16 pages) 


Using the HI7190 ina 
Multiplexed System (3 pages) 
AN9532 


The purpose of this application note is to demonstrate the power and 
flexibility of the H!I7188 to create a differential 64-channel A/D system. 


Interfacing to a digital system in non-handshaking mode, a handshaking 
mode interface to various processors, performance enhancement 
techniques, and an auto-zero loop discussion. 


ICL7106 Low Cost Digital Panel Meter | Cost advantages of display converters, Evaluation kit usage, display 

ANO23 Designs (5 pages) types, capacitors recommended, and proper power supply range. 

ICL7106 Building a Battery Operated Auto-ranging circuitry design, the input range/resistor divider, an auto- 

ANO46 Auto Ranging DVM with the range clock circuit design, power supply requirements, measuring 
ICL7106 (5 pages) resistance and transconductance, and using the ICL7126 and ICL7107. 

ICL7106 Digital Panel Meter Discusses the fundamentals of designing a panel meter for measuring, 

ANO59 Experiments for the Hobbyist | DC Voltages, AC Voltages, resistance measurements, current 
(7 pages) measurements, temperature measurement, and designing multi-range 

DVMs. 
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ICL7106, 1CL7107, | Understanding the Auto-Zero 
ICL7109 and Common Mode 
ANO32 Performance of the ICL7106/ 
7107/7109 Family (8 pages) 


ICL7106,1CL7117, | Tips for Using Single Chip 3.5 
ICL7126, ICL7107, | Digit A/D Converters (9 pages) 
1CL7116 
ANO052 


ICL7106, ICL7107, | Overcoming Common-Mode 
ICL7116,1CL7117, | Range Issues When Using 
ICL7129, 1CL7131, | Harris Integrating Converters 


ICL7133, ICL7136, | (3 pages) AN9609.1 
ICL713 
AN9609 


ICL7109 Applying the 7109 A/D 
ANO49 Converter (5 pages) 
ICL7135 Display Driver Family 
ANO54 Combines Convenience of 
Use with Microprocessor 
Interfaceability (18 pages) 
ICL7135 The Integrating A/D Converter 
ANO17 (5 pages) 
ICL7139 Multi-Meter Display Converter 
AN9336 Eases DMM Design (6 pages) 
ICL8052 Interpretation of Data 
ANO42 Converter Accuracy 
Specifications (11 pages) 
IH5009 The IH5009 Analog Switch 
ANO04 Series (9 pages) 


To Order Literature, See Section 17 for Harris’ On-Line Services. 


ABSTRACT 


Theory of operation for the four integration phases, CMRR and the 
common mode voltage effects, the auto-zero loop residual, and in-depth 
error analysis. 


Some of the more commonly asked questions concerning the 3'/, digital 
display converters ranging from power supply inputs, display types and 
drive, to timing, ratiometric operation, and component selection. A 
troubleshooting guide is provided. 


A design technique to resolve excessive common-mode range when using 
Harris Integrating A/D Converters. 


A description of the ICL7109s, differential input section, differential 
reference, digital section and how to measure bridges, and offsets. 
Interface examples to parallel processors, serial interfaces and how to 
replace Voltage-to-frequency converters. 


Advantages of IC display drivers, non-multiplexed display operation, 
functional block diagrams, multiplexed display operation, and binary to bar 
graph display applications circuits. 


The dual slope conversion technique, analyzing errors, capacitor induced 
errors and a noise discussion. 


A detailed discussion of the Harris dual-slope A/D converter which can 
easily be used to create a cost-effective digital multi-meter(DMM). 


A Discussion of data converter transfer functions, quantization noise and 
dynamic range, non-ideal data converter operation, nonlinearity, 
temperature induced errors, error budgets, layout and grounding rules. 


Circuit operation, logic compatibility, switching speed and crosstalk, and 
application circuits. 
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Plastic Packages for Integrated Circuits 


Dual-iIn-Line Plastic Packages (PDIP) 


a = E8.3 (JEDEC MS-001-BA ISSUE D) 
- 8 LEAD DUAL-IN-LINE PLASTIC PACKAGE 
WDEX_ MILLIMETERS 


SYMBOL 


= 
N 


OTES 


Al 
0.115 2.93 


C wax [WN [MAK 
Es a LS 
ores [283 [ 485 


Bt 0008 ramps 
poe 
Tomer [ree [eas 


0.100 BSC 2.54 BSC 
0.300 BSC 7.62 BSC 


0.115 


1. Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 
2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
3. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication No. 95. 
4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. Rev. 0 12/93 
5. D, D1, and E1 dimensions do not include mold flash or protru- 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 
6. E and are measured with the leads constrained to be per- 
pendicular to datum [-C-]. 
7. @g and @c are measured at the lead tips with the leads uncon- 
strained. €¢ must be zero or greater. 
8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 
9. Nis the maximum number of terminal positions. 
10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76 - 1.14mm). 


“io 


Fr 
jee] 
ak 


CE 


PACKAGING 
INFORMATION 


16-9 
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Dual-in-Line Plastic Packages (PDIP) 


Se —— E14.3 (JEDEC MS-001-AA ISSUE D) 
le 14 LEAD DUAL-IN-LINE PLASTIC PACKAGE 
AREA—>t 2 3 MILLIMETERS 


SYMBOL 
<a Feta! 


PLANE 


€ 
D1 —» 
a = C> | 


= 


OTES 
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| MAX 
0.210 | 
Lo 
0.195 | 
| 0.022 
1.77 | 


0.008 


| MIN | 
ae 
| 0.39 | 
| 2.93 | 
| 0.356 | 
. 
014 | 0.204 | 

0.735 19.68 

62 


C 


ie oe 
| 0.325 | 7.62 
0.280 | 6.10 | 7.11 


0.100 BSC 2.54 BSC 
0.300 BSC 7.62 BSC 


NOTES: 

1. Controlling Dimensions: INCH. In case of conflict between English 
and Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of 
Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated in 
JEDEC seating plane gauge GS-3. 

5. D, D1, and E1 dimensions do not include mold flash or protrusions. Rev. 0 12/93 
Mold flash or protrusions shall not exceed 0.010 inch (0.25mm). 

6. E and [ea] are measured with the leads constrained to be perpen- 
dicular to datum [-C-]. 

7. @g and @c are measured at the lead tips with the leads unconstrained. 
@c must be zero or greater. 

8. B1 maximum dimensions do not include dambar protrusions. Dambar 
protrusions shall not exceed 0.010 inch (0.25mm). 


9. N is the maximum number of terminal positions. 
10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, E28.3, 


E42.6 will have a B1 dimension of 0.030 - 0.045 inch (0.76 - 
1.14mm). 
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Plastic Packages for Integrated Circuits 


Dual-iIn-Line Plastic Packages (PDIP) 


PLANE 


NOTES: 


Ts 


10. 


Controlling Dimensions: INCH. In case of conflict between English and 
Metric dimensions, the inch dimensions control. 


. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of 


Publication No. 95. 


. Dimensions A, A1 and L are measured with the package seated in JE- 


DEC seating plane gauge GS-3. 


. D, D1, and E1 dimensions do not include mold flash or protrusions. 


Mold flash or protrusions shall not exceed 0.010 inch (0.25mm). 


. Eand |@,] are measured with the leads constrained to be perpendic- 


ular to datum [-C-]. 

. 6p and @c are measured at the lead tips with the leads unconstrained. 
@c must be zero or greater. 

. B1 maximum dimensions do not include dambar protrusions. Dambar 
protrusions shall not exceed 0.010 inch (0.25mm). 

. Nis the maximum number of terminal positions. 


Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, E28.3, 
E42.6 will have a B1 dimension of 0.030 - 0.045 inch (0.76 - 1.14mm). 
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Plastic Packages for Integrated Circuits 


Dual-In-Line Plastic Packages (PDIP) 
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peaeso 

vores 
1. Controlling Dimensions: MILLIMETER. In case of conflict be- cs ae =e 
tween English and Metric dimensions, the metric dimensions a 


2. Dimensions A, A1 and L are measured with the package seated Rev. 0 2/96 
in JEDEC seating plane gauge GS-3. 


3. D and E1 dimensions do not include mold flash or protrusions. 


4. is measured with the leads constrained to be perpendicular 
O base plane. 


5. Nis the maximum number of terminal positions. 
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Plastic Packages for Integrated Circuits 


Dual-In-Line Plastic Packages (PDIP) 


Et 
INDEX iy 


SEATING 
PLANE 


D1 —» 
B1 


NOTES: 


Tk 


zi 
3. 


Controlling Dimensions: INCH. In case of conflict between English and 
Metric dimensions, the inch dimensions control. 


Dimensioning and tolerancing per ANSI Y14.5M-1982. 


Symbols are defined in the “MO Series Symbol List” in Section 2.2 of 
Publication No. 95. 


. Dimensions A, A1 and L are measured with the package seated in 


JEDEC seating plane gauge GS-3. 


. D, D1, and E1 dimensions do not include mold flash or protrusions. 


Mold flash or protrusions shall not exceed 0.010 inch (0.25mm). 


. Eand [ea] Pal veo are measured with the leads constrained to be perpendic- 
datu 


ular to 


mC 


. @g and ec are Ce oe at the lead tips with the leads unconstrained. 


@c must be zero or greater. 


. B1 maximum dimensions do not include dambar protrusions. Dambar 


protrusions shall not exceed 0.010 inch (0.25mm). 


. Nis the maximum number of terminal positions. 
10. 


Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, E28.3, 
E42.6 will have a B1 dimension of 0.030 - 0.045 inch (0.76 - 1.14mm). 
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MILLIMETERS 
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Plastic Packages for Integrated Circuits 


Dual-In-Line Plastic Packages (PDIP) 


SEATING 
PLANE 


mel 


B1 


NOTES: 


i? 


2. 
3. 


. Eand 


Controlling Dimensions: INCH. In case of conflict between English 
and Metric dimensions, the inch dimensions control. 


Dimensioning and tolerancing per ANSI Y14.5M-1982. 


Symbols are defined in the “MO Series Symbol List’ in Section 2.2 
of Publication No. 95. 


. Dimensions A, A1 and L are measured with the package seated in 


JEDEC seating plane gauge GS-3. 


. D, D1, and E1 dimensions do not include mold flash or protrusions. 


Mold flash or protrusions shall not exceed 0.010 inch (0.25mm). 


|@q] are measured with the leads constrained to be perpen- 
dicular to datum [-C-]. 


. 6g and @> are measured at the lead tips with the leads uncon- 


strained. @¢ must be zero or greater. 


. B1 maximum dimensions do not include dambar protrusions. Dam- 


bar protrusions shall not exceed 0.010 inch (0.25mm). 


. Nis the maximum number of terminal positions. 
10. 


Corner leads (1, N, N/2 and N/2 + 1) for £8.3, E16.3, E18.3, E28.3, 
E42.6 will have a B1 dimension of 0.030 - 0.045 inch (0.76 - 1.14mm). 
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Dual-In-Line Plastic Packages (PDIP) 


E24.3 (JEDEC MS-001-AF ISSUE D) 
24 LEAD NARROW BODY DUAL-IN-LINE PLASTIC 
PACKAGE 


Fr _ 
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MILLIMETERS 


NOTES 


5.33 


| MIN: | MAX | 
a 
0.195 | 
0.356 


rear a 
0.008 0.014 0.204 


SEATING 
PLANE | 
D1 -» 

B1 


a7 
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| DE 1.230 | 1.280 | 31.24 
| 0.005 | 0.13 
NOTES: | EF 0.300 | 0.325 | 7.62 
Se 
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L 


1. Controlling Dimensions: INCH. In case of conflict between English and 
Metric dimensions, the inch dimensions control. 


2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


3. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of 
Publication No. 95. 


4. Dimensions A, A1 and L are measured with the package seated in 


0.115 0.150 2.93 3.81 
eid en ek as oe cn 
5. D, D1, and E1 dimensions do not include mold flash or protrusions. 


Mold flash or protrusions shall not exceed 0.010 inch (0.25mm). Rev. 0 12/93 
6. Eand are measured with the leads constrained to be perpendic- 
ular to datum [-C-]. 
7. @g and @c¢ are measured at the lead tips with the leads unconstrained. 
@¢ must be zero or greater. 
8. B1 maximum dimensions do not include dambar protrusions. Dambar 
protrusions shall not exceed 0.010 inch (0.25mm). 
9. Nis the maximum number of terminal positions. 
10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, E28.3, 
E42.6 will have a B1 dimension of 0.030 - 0.045 inch (0.76 - 1.14mm). 
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Dual-In-Line Plastic Packages (PDIP) 


E24.4-S 
24 LEAD DUAL-IN-LINE PLASTIC PACKAGE (400 MIL) 


MILLIMETERS ieee 


SYMBO NOTES 
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PLANE 0.008 
sl ae E1 
B >| |< 
0.100 BSC 2.54 BSC 
CA 0.400 BSC 10.16 BSC 
NOTES: 
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1. Controlling Dimensions: MILLIMETER. In case of conflict be- 


tween English and Metric dimensions, the metric dimensions ee a 
nel a a ae 


2. Dimensions A, A1 and L are measured with the package seated Rev. 14/95 
in JEDEC seating plane gauge GS-3. , 


3. D and E1 dimensions do not include mold flash or protrusions. 


4, is measured with the leads constrained to be perpendicular 
O base plane. 


5. Nis the maximum number of terminal positions. 
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Plastic Packages for Integrated Circuits 
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E24.6 (JEDEC MS-011-AA ISSUE B) 
24 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


MILLIMETERS 


NOTES 


in| WaX 
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= Re aie [495 
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[eas [527 
oe 

524 [7587 

NOTES: 0.580 


1. Controlling Dimensions: INCH. In case of conflict between English and 
Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

. Symbols are defined in the “MO Series Symbol List’ in Section 2.2 of 

Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated in 
JEDEC seating plane gauge GS-3. 

5. D, D1, and E1 dimensions do not include mold flash or protrusions. 
Mold flash or protrusions shall not exceed 0.010 inch (0.25mm). 

6. Eand are measured with the leads constrained to be perpendic- 
ular to datum [-C-]. 

7. @g and @¢ are measured at the lead tips with the leads unconstrained. 
@c must be zero or greater. 

8. B1 maximum dimensions do not include dambar protrusions. Dambar 
protrusions shall not exceed 0.010 inch (0.25mm). 

9. Nis the maximum number of terminal positions. 

10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, E28.3, 

E42.6 will have a B1 dimension of 0.030 - 0.045 inch (0.76 - 1.14mm). 


0.100 BSC 2.54 BSC 
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Dual-in-Line Plastic Packages (PDIP) 
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SEATING 
PLANE 


| 


B1 


NOTES: 


. Controlling Dimensions: INCH. In case of conflict between English and 


Metric dimensions, the inch dimensions control. 


. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of 


Publication No. 95. 


. Dimensions A, Ai and L are measured with the package seated in 


JEDEC seating plane gauge GS-3. 


. D, D1, and E1 dimensions do not include mold flash or protrusions. 


Mold flash or protrusions shall not exceed 0.010 inch (0.25mm). 


. Eand are measured with the leads constrained to be perpendic- 


ular to datum [-C-]. 


. @g and @c are measured at the lead tips with the leads unconstrained. 


@c must be zero or greater. 


. B1 maximum dimensions do not include dambar protrusions. Dambar 


protrusions shall not exceed 0.010 inch (0.25mm). 


. Nis the maximum number of terminal positions. 
. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, £16.3, E18.3, E28.3, 


E42.6 will have a B1 dimension of 0.030 - 0.045 inch (0.76 - 1.14mm). 
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Dual-iIn-Line Plastic Packages (PDIP) 


SEATING 
PLANE 


€ 


- 1 L 


B1 <- — 


NOTES: 


1. Controlling Dimensions: MILLIMETER. In case of conflict be- 
tween English and Metric dimensions, the metric dimensions 
control. 


2. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 


3. D and E1 dimensions do not include mold flash or protrusions. 


4. is measured with the leads constrained to be perpendicular 
O base plane. 


5. Nis the maximum number of terminal positions. 
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ae _—_ E40.6 (JEDEC MS-011-AC ISSUE B) 
| 40 LEAD DUAL-IN-LINE PLASTIC PACKAGE 
E1 
INDEX r MILLIMETERS 
AREA [4 
a eT ae ‘+b SYMBOL | MIN | NOTES 


A 0.250 3 


ae KIS 


Oo 


on 


0.39 


BASE | 0.125 | 125 0.195 3.18 4.95 
a 0.014 0.022 0.356 0.558 
SEATING : 
PLANE 0.77 1.77 


C 0.008 0.015 


| 0.008 | 
2.095 


Di _ | 0005 
15.24 | 15.87 
Et 0.580 | 12.32 | 14.73 
2.54 BSC 
15.24 BSC 
ee | - | 0.700 17.78 
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0.381 
50.3 53.2 


0.13 


0.070 


NOTES: 
1. Controlling Dimensions: INCH. In case of conflict between English 
and Metric dimensions, the inch dimensions control. 
2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
3. Symbols are defined in the “MO Series Symbol List” in Section 2.2 
of Publication No. 95. 
4. Dimensions A, A1 and L are measured with the package seated in 
JEDEC seating plane gauge GS-3. 
5. D, D1, and E1 dimensions do not include mold flash or protrusions. 
Mold flash or protrusions shall not exceed 0.010 inch (0.25mm). 
6. E and On, are measured with the leads constrained to be per- 
pendicular to datum [-C-]. 
7. @g and @¢ are measured at the lead tips with the leads uncon- 
strained. @¢ must be zero or greater. 
8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 
9. Nis the maximum number of terminal positions. 
10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, £16.3, £18.3, E28.3, 
E42.6 will have a B1 dimension of 0.030 - 0.045 inch (0.76 - 1.14mm). 
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1. Controlling Dimensions: MILLIMETER. In case of conflict be- 
tween English and Metric dimensions, the metric dimensions 
control. 


2. Dimensions A, A1 and L are measured with the package seated Rev. 0 2/96 
in JEDEC seating plane gauge GS-3. 


3. D and E1 dimensions do not include mold flash or protrusions. 


4. is measured with the leads constrained to be perpendicular 
o base plane. 


5. Nis the maximum number of terminal positions. 
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E48.6 (JEDEC MS-011-AD ISSUE B) 
48 LEAD DUAL-IN-LINE PLASTIC PACKAGE 
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NOTES 
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SEATING ; | 0.356 | 
| 0.070 1.77 
Di-» 0.015 | 0.204 | 0.381 
[9.005 | | 0.13 
15.87 
NOTES: 0.580 | 12.32 | 14.73 


1. Controlling Dimensions: INCH. In case of conflict between English and 
Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of 
Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated in 
JEDEC seating plane gauge GS-3. 

5. D, D1, and E1 dimensions do not include mold flash or protrusions. 
Mold flash or protrusions shall not exceed 0.010 inch (0.25mm). 

6. Eand }ea are measured with the leads constrained to be perpendic- 
ular to datum [-C-]. 

7. @p and @c are measured at the lead tips with the leads unconstrained. 
®c must be zero or greater. 

8. B1 maximum dimensions do not include dambar protrusions. Dambar 
protrusions shall not exceed 0.010 inch (0.25mm). 

9. Nis the maximum number of terminal positions. 

10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, £18.3, E28.3, 

E42.6 will have a B1 dimension of 0.030 - 0.045 inch (0.76 - 1.14mm). 


reais [e200 | 285 
8 


A 
Le 
Laced cae 
me 
Le 
ee 
LF 
al aaa 


Rev. 0 12/93 


16-22 


Plastic Packages for Integrated Circuits 


Small Outline Plastic Packages (SOIC) 


rere ere. 


@, 
<0 


~*~ 


PS 


> 


P 0.25(0.010) GH |B | 


SEATING PLANE 
7] -_ h x 45° 
a f 


Hpoz001 Ol oA OES) 


NOTES: 
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Oo On OD 


Symbols are defined in the “MO Series Symbol List” in Section 2.2 of 
Publication Number 95. 

Dimensioning and tolerancing per ANSI Y14.5M-1982. 

Dimension “D” does not include mold flash, protrusions or gate burrs. 
Mold flash, protrusion and gate burrs shall not exceed 0.15mm (0.006 
inch) per side. 


. Dimension “E” does not include interlead flash or protrusions. Inter- 


lead flash and protrusions shall not exceed 0.25mm (0.010 inch) per 
side. 


. The chamfer on the body is optional. If it is not present, a visual index 


feature must be located within the crosshatched area. 


. “L” is the length of terminal for soldering to a substrate. 

. “N” is the number of terminal positions. 

. Terminal numbers are shown for reference only. 

. The lead width “B”, as measured 0.36mm (0.014 inch) or greater 


above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch). 


. Controlling dimension: MILLIMETER. Converted inch dimensions 


are not necessarily exact. 
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NOTES: 


1. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of 
Publication Number 95. Rev. 0 12/93 


2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


3. Dimension “D” does not include mold flash, protrusions or gate burrs. 
Mold flash, protrusion and gate burrs shall not exceed 0.15mm (0.006 
inch) per side. 


4. Dimension “E” does not include interlead flash or protrusions. Interlead 
flash and protrusions shall not exceed 0.25mm (0.010 inch) per side. 


5. The chamfer on the body is optional. If it is not present, a visual index 
feature must be located within the crosshatched area. 


. “L” is the length of terminal for soldering to a substrate. 
“N” is the number of terminal positions. 
. Terminal numbers are shown for reference only. 


. The lead width “B”, as measured 0.36mm (0.014 inch) or greater above 
the seating plane, shall not exceed a maximum value of 0.61mm 
(0.024 inch). 

10. Controlling dimension: MILLIMETER. Converted inch dimensions are 

not necessarily exact. 
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NOTES: Rev. 0 2/96 


. Dimension “D” does not include mold flash, protrusions or gate burrs. 
. Dimension “E” does not include interlead flash or protrusions. 

. “L” is the length of terminal for soldering to a substrate. 

. “N’ is the number of terminal positions. 

. Terminal numbers are shown for reference only. 

. Controlling dimension: MILLIMETER. Converted inch dimensions 


are not necessarily exact. 
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Small Outline Plastic Packages (SSOP) 


M16.209 (JEDEC MO-150-AC ISSUE B) 
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NOTES: 
; ; _—- ; Rev. 2 3/95 
1. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of 


Publication Number 95. 
2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


3. Dimension “D” does not include mold flash, protrusions or gate burrs. 
Mold flash, protrusion and gate burrs shall not exceed 0.20mm (0.0078 
inch) per side. 


4. Dimension “E” does not include interlead flash or protrusions. Interiead 
flash and protrusions shall not exceed 0.20mm (0.0078 inch) per side. 


5. The chamfer on the body is optional. If it is not present, a visual index 
feature must be located within the crosshatched area. 


. “L” is the length of terminal for soldering to a substrate. 
. “N” is the number of terminal positions. 
. Terminal numbers are shown for reference only. 


. Dimension “B” does not include dambar protrusion. Allowable dambar 
protrusion shall be 0.13mm (0.005 inch) total in excess of “B” dimen- 
sion at maximum material condition. 


10. Controlling dimension: MILLIMETER. Converted inch dimensions are 
not necessarily exact. 


oO on Oo 


16-26 


Plastic Packages for Integrated Circuits 


Small Outline Plastic Packages (SOIC) 


M16.3 (JEDEC MS-013-AA ISSUE C) 
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NOTES: 


1. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of 
Publication Number 95. 


2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


3. Dimension “D” does not include mold flash, protrusions or gate burrs. 
Mold flash, protrusion and gate burrs shall not exceed 0.15mm (0.006 
inch) per side. 


4. Dimension “E” does not include interlead flash or protrusions. Interlead 
flash and protrusions shall not exceed 0.25mm (0.010 inch) per side. 


5. The chamfer on the body is optional. If it is not present, a visual index 
feature must be located within the crosshatched area. 


. “L’ is the length of terminal for soldering to a substrate. 

“N” is the number of terminal positions. 

. Terminal numbers are shown for reference only. 

. The lead width “B’, as measured 0.36mm (0.014 inch) or greater above 
the seating plane, shall not exceed a maximum value of 0.61mm (0.024 
inch) 

10. Controlling dimension: MILLIMETER. Converted inch dimensions are 

not necessarily exact. 
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Small Outline Plastic Packages (SOIC) 
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NOTES: 
1. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of Rev. 0 12/93 
Publication Number 95. 
2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
3. Dimension “D” does not include mold flash, protrusions or gate burrs. 
Mold flash, protrusion and gate burrs shall not exceed 0.15mm (0.006 
inch) per side. 
4. Dimension “E” does not include interlead flash or protrusions. Interlead 
flash and protrusions shall not exceed 0.25mm (0.010 inch) per side. 
5. The chamfer on the body is optional. If it is not present, a visual index 
feature must be located within the crosshatched area. 
. “L” is the length of terminal for soldering to a substrate. 
. “N’ is the number of terminal positions. 
. Terminal numbers are shown for reference only. 
. Thelead width “B”, as measured 0.36mm (0.014 inch) or greater above 
the seating plane, shall not exceed a maximum value of 0.61mm 
(0.024 inch) 
10. Controlling dimension: MILLIMETER. Converted inch dimensions are 
not necessarily exact. 
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Small Outline Plastic Packages (SOIC) 
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1. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of Rev. 0 12/93 
Publication Number 95. 


2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


3. Dimension “D” does not include mold flash, protrusions or gate burrs. 
Mold flash, protrusion and gate burrs shall not exceed 0.15mm (0.006 
inch) per side. 


4. Dimension “E” does not include interlead flash or protrusions. Interlead 
flash and protrusions shall not exceed 0.25mm (0.010 inch) per side. 


5. The chamfer on the body is optional. If it is not present, a visual index 
feature must be located within the crosshatched area. 


. “L” is the length of terminal for soldering to a substrate. 
. “N’ is the number of terminal positions. 
. Terminal numbers are shown for reference only. 


. The lead width “B”, as measured 0.36mm (0.014 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 

10. Controlling dimension: MILLIMETER. Converted inch dimensions 

are not necessarily exact. 


Oo ON OD 


PACKAGING 
INFORMATION 


16-29 


Plastic Packages for Integrated Circuits 


Small Outline Plastic Packages (SOIC) 
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NOTES: Rev. 1 4/95 


1. Dimension “D” does not include mold flash, protrusions or gate burrs. 
2. Dimension “E” does not include interlead flash or protrusions. 

3. “L” is the length of terminal for soldering to a substrate. 

4. “N” is the number of terminal positions. 

5. Terminal numbers are shown for reference only. 

6 


. Controlling dimension: MILLIMETER. Converted inch dimensions are 
not necessarily exact. 
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Plastic Packages for Integrated Circuits 


Shrink Small Outline Plastic Packages (SSOP) 


M24.209 (JEDEC MO-150-AG ISSUE B) 
24 LEAD SHRINK SMALL OUTLINE PLASTIC PACKAGE 
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NOTES: 


1. Symbols are defined in the “MO Series Symbol List” in Section 2.2 of 
Publication Number 95. 


2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Dimension “D” does not inciude mold flash, protrusions or gate burrs. 
Mold flash, protrusion and gate burrs shall not exceed 0.20mm 
(0.0078 inch) per side. 

4. Dimension “E” does not include interlead flash or protrusions. Inter- 
lead flash and protrusions shall not exceed 0.20mm (0.0078 inch) per 
side. 

5. The chamfer on the body is optional. If it is not present, a visual index 

feature must be located within the crosshatched area. 

. “L’ is the length of terminal for soldering to a substrate. 

. “N’ is the number of terminal positions. 

. Terminal numbers are shown for reference only. 

. Dimension “B” does not include dambar protrusion. Allowable dambar 
protrusion shall be 0.13mm (0.005 inch) total in excess of “B” dimen- 
sion at maximum material condition. 

10. Controlling dimension: MILLIMETER. Converted inch dimensions 

are not necessarily exact. 
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1. Symbols are defined in the “MO Series Symbol List’ in Section 2.2 of Rev. 0 12/93 
Publication Number 95. 


2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Dimension “D” does not include mold flash, protrusions or gate burrs. 
Mold flash, protrusion and gate burrs shall not exceed 0.15mm 
(0.006 inch) per side. 

4. Dimension “E” does not include interlead flash or protrusions. Inter- 
lead flash and protrusions shall not exceed 0.25mm (0.010 inch) per 
side. 

5. The chamfer on the body is optional. If it is not present, a visual index 

feature must be located within the crosshatched area. 

. “L” is the length of terminal for soldering to a substrate. 

. “N” is the number of terminal positions. 

. Terminal numbers are shown for reference only. 

. The lead width “B”, as measured 0.36mm (0.014 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 

10. Controlling dimension: MILLIMETER. Converted inch dimensions 

are not necessarily exact 
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Shrink Small Outline Plastic Packages (SSOP) 
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NOTES: 

1. Symbols are defined in the “MO Series Symbol List” in Section 2.2 
of Publication Number 95. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.20mm (0.0078 inch) per side. 

4. Dimension “E” does not include interlead flash or protrusions. Inter- 
lead flash and protrusions shall not exceed 0.20mm (0.0078 inch) 
per side. 

5. The chamfer on the body is optional. If it is not present, a visual in- 

dex feature must be located within the crosshatched area. 

. “L” is the length of terminal for soldering to a substrate. 

. “N’ is the number of terminal positions. 

. Terminal numbers are shown for reference only. 

. Dimension “B” does not include dambar protrusion. Allowable dam- 
bar protrusion shall be 0.13mm (0.005 inch) total in excess of “B” 
dimension at maximum material condition. 

10. Controlling dimension: MILLIMETER. Converted inch dimensions 

are not necessarily exact. 
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NOTES: 


1. Symbols are defined in the “MO Series Symbol List” in Section 2.2 Rev. 0 12/93 
of Publication Number 95. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Dimension “D” does not include mold flash, protrusions or gate 


burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 


4. Dimension “E” does not include interlead flash or protrusions. In- 
terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 


5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 


. “L” is the length of terminal for soldering to a substrate. 
. “N’ is the number of terminal positions. 
. Terminal numbers are shown for reference only. 


. The lead width “B”, as measured 0.36mm (0.014 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 

10. Controlling dimension: MILLIMETER. Converted inch dimen- 

sions are not necessarily exact. 
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Small Outline Plastic Packages (SOIC) 
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NOTES: Rev. 1 4/95 


1. Dimension “D” does not include mold flash, protrusions or gate 
burrs. 


- > 
re 


2. Dimension “E” does not include interlead flash or protrusions. 
3. “L” is the length of terminal for soldering to a substrate. 

4. “N” is the number of terminal positions. 

5. Terminal numbers are shown for reference only. 
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. Controlling dimension: MILLIMETER. Converted inch dimensions 
are not necessarily exact. 
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Plastic Packages for Integrated Circuits 


Plastic Leaded Chip Carrier Packages (PLCC) 
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NOTES: 


1. Controlling dimension: INCH. Converted millimeter dimensions are 
not necessarily exact. 


2. Dimensions and tolerancing per ANSI Y14.5M-1982. 


3. Dimensions D1 and E1 do not include mold protrusions. Allowable 
mold protrusion is 0.010 inch (0.25mm) per side. 


4. To be measured at seating plane contact point. 
5. Centerline to be determined where center leads exit plastic body. 
6. “N” is the number of terminal positions. 
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Plastic Leaded Chip Carrier Packages (PLCC) 
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NOTES: 


1. Controlling dimension: INCH. Converted millimeter dimensions are 
not necessarily exact. 


2. Dimensions and tolerancing per ANSI Y14.5M-1982. 


3. Dimensions D1 and E1 do not include mold protrusions. Allowable 
mold protrusion is 0.010 inch (0.25mm) per side. 


4. To be measured at seating plane contact point. 
5. Centerline to be determined where center leads exit plastic body. 
6. “N” is the number of terminal positions. 
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Metric Plastic Quad Flatpack Packages (MQFP/PQFP) 


Q32.7x7-S 
32 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE 
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Rev. 2 4/95 


NOTES: 


1. Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 


2. Dimensions D and E to be determined at seating plane [-C-]. 
3. Dimensions D1 and E1 to be determined at datum plane [-H-]. 
4. Dimensions D1 and E1 do not include mold protrusion. 

5. Dimension B does not include dambar protrusion. 

6. “N” is the number of terminal positions. 
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Metric Plastic Quad Flatpack Packages (MQFP/PQFP) 
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NOTES: 
. Controlling dimension: MILLIMETER. Converted inch 


dimensions are not necessarily exact. 
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. “N’ is the number of terminal positions. 
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Metric Plastic Quad Flatpack Packages (MQFP/PQFP) 


Q48.7x7-S 
48 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE 


Rev. 1 4/95 


NOTES: 


1. Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 


2. Dimensions D and E to be determined at seating plane [-C-]. 
3. Dimensions D1 and E1 to be determined at datum plane 


4. Dimensions D1 and E1 do not include mold protrusion. 


bef 5. Dimension B does not include dambar protrusion. 
At 6. “N” is the number of terminal positions. 
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Metric Plastic Quad Flatpack Packages (MQFP/PQFP) 
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Rev. 0 2/96 
+ NOTES: 


. Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 


. Dimensions D and E to be determined at seating plane [-C-]. 
. Dimensions D1 and E1 to be determined at datum plane [-H-]. 
. Dimensions D1 and E1 do not include mold protrusion. 

. Dimension B does not include dambar protrusion. 

. “N’ is the number of terminal positions. 
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Metric Plastic Quad Flatpack Packages (MQFP/PQFP) 


Q64.10x10-S 
64 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE 


Rev. 0 2/96 


NOTES: 


1. Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 


2. Dimensions D and E to be determined at seating plane [-C-]. 
3. Dimensions D1 and E1 to be determined at datum plane 


4. Dimensions D1 and E1 do not include mold protrusion. 
5. Dimension B does not include dambar protrusion. 
6. “N” is the number of terminal positions. 
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Metric Plastic Quad Flatpack Packages (MQFP/PQFP) 
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NOTES: 


1. Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 


2. Dimensions D and E to be determined at seating plane [-C-]. 
3. Dimensions D1 and E1 to be determined at datum plane 
-H-I. 


4. Dimensions D1 and E1 do not include mold protrusion. 
5. Dimension B does not include dambar protrusion. 
6. “N” is the number of terminal positions. 
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Metric Plastic Quad Flatpack Packages (MQFP/PQFP) 
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NOTES: 


1. Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 


2. Dimensions D and E to be determined at seating plane [-C-]. 

3. Dimensions D1 and E1 to be determined at datum plane 
LH. 

4. Dimensions D1 and E1 do not include mold protrusion. 

5. Dimension B does not include dambar protrusion. 

6. “N” is the number of terminal positions. 
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Single-in-Line Plastic Packages (SIP) 
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NOTES: Rev. 0 2/94 
1. Package body dimensions do not include any mold flash or pro- 


trusions. 
2. Package outline dimensions do not include burrs. 
3. Controlling dimension: INCH. 


PACKAGING 
INFORMATION 
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Ceramic Dual-In-Line Metal Seal Packages (SBDIP) 


NOTES: 


1. 


. The maximum limits of lead dimensions b and c or M shall be 


. Dimensions b1 and c1 apply to lead base metal only. Dimension 


. Corner leads (1, N, N/2, and N/2+1) may be configured with a 


c1 LEAD FINISH D14.3 MIL-STD-1835 CDIP2-T14 (D-1, CONFIGURATION C) 


Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 


measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


M applies to lead plating and finish thickness. 


partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 


. Dimension Q shall be measured from the seating plane to the 


base plane. 


. Measure dimension S1 at all four corners. 
. Measure dimension S2 from the top of the ceramic body to the 


nearest metallization or lead. 


. Nis the maximum number of terminal positions. 
. Braze fillets shall be concave. 

10. 
a 


Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
Controlling dimension: INCH. 
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14 LEAD CERAMIC DUAL-IN-LINE METAL SEAL PACKAGE 


MILLIMETERS 
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Hermetic Packages for Integrated Circuits 


Ceramic Dual-In-Line Metal Seal Packages (SBDIP) 


ci LEAD FINISH D24.6 MIL-STD-1835 CDIP2-T24 (D-3, CONFIGURATION C) 
24 LEAD CERAMIC DUAL-IN-LINE METAL SEAL PACKAGE 


MILLIMETERS 


§.72 


=z 


PACKAGING 
INFORMATION 


OTES 


BASE | 


PLANE 
0.008 0.018 
seaTINGL 


0.008 


ee) 

nO atl 
~ —_— 
N bo 


a 0.13 


0.13 


NOTES: 


1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions b1 and ci apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 


0.38 
0.76 


0.038 


dimension b2. 
5. Dimension Q shall be measured from the seating plane to the lm ST 
base plane. Rev. 0 4/94 


6. Measure dimension S1 at all four corners. 


7. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 


8. Nis the maximum number of terminal positions. 

9. Braze fillets shall be concave. 
10. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
11. Controlling dimension: INCH. 
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Ceramic Dual-In-Line Metal Seal Packages (SBDIP) 


c1 LEAD FINISH D28.6 MIL-STD-1835 CDIP2-T28 (D-10, CONFIGURATION C) 
28 LEAD CERAMIC DUAL-IN-LINE METAL SEAL PACKAGE 


MILLIMETERS 
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NOTES 
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NOTES: 


1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 


eA 0.600 BSC 15.24 BSC 
eA/2 0.300 BSC 7.62 BSC 


0.060 0.38 


[2.060] 
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0.13 
8070 


Cc 


dimension b2. asstiel — 
5. Dimension Q shall be measured from the seating plane to the | BY |B 
base plane. Rev. 0 5/18/94 


6. Measure dimension S1 at all four corners. 


7. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 


8. Nis the maximum number of terminal positions. 

9. Braze fillets shall be concave. 
10. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
11. Controlling dimension: INCH. 
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Ceramic Dual-In-Line Metal Seal Packages (SBDIP) 


ci LEAD FINISH 


seaTina’ 


PLANE 


NOTES: 


1 


Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 


. The maximum limits of lead dimensions b and c or M shall be 


measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


. Dimensions b1 and ci apply to lead base metal only. Dimension 


M applies to lead plating and finish thickness. 


. Corner leads (1, N, N/2, and N/2+1) may be configured with a 


partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 


. Dimension Q shall be measured from the seating plane to the 


base plane. 


. Measure dimension S1 at all four corners. 
. Measure dimension S2 from the top of the ceramic body to the 


nearest metallization or lead. 


. Nis the maximum number of terminal positions. 
. Braze fillets shall be concave. 

10. 
11, 


Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
Controlling dimension: INCH. 


D40.6 MIL-STD-1835 CDIP2-T40 (D-5, CONFIGURATION C) 
40 LEAD CERAMIC DUAL-IN-LINE METAL SEAL PACKAGE 


MILLIMETERS 


5.7, 


PACKAGING 
INFORMATION 


NOTES 
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Ceramic Dual-In-Line Metal Seal Packages (SBDIP) 


c1 LEAD FINISH 


1 >> ®)| CJA -8 ©/OO) 


| | 
BASE 
PLANE S2 


SEATING 


NOTES: 


1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 


2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 


4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 


5. Dimension Q shall be measured from the seating plane to the 
base plane. 


6. Measure dimension S1 at all four corners. 


7. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 


8. Nis the maximum number of terminal positions. 

9. Braze fillets shall be concave. 
10. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
11. Controlling dimension: INCH. 


D42.6 
42 LEAD CERAMIC DUAL-IN-LINE METAL SEAL PACKAGE 


MILLIMETERS 
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NOTES 
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Ceramic Dual-in-Line Frit Seal Packages (CERDIP) 


c1 LEAD FINISH 


O-PS ies 
BASE | ° | Y 
PLANE = A 
SEATING & 
PLANE : : L 
S1 —» ee A 
b2 —»/| |< | << 
b -||<- C —p| |< 
Pjcoe M]cla-B©|0©}| Pja2a@)/cla-B©/0©) 
NOTES: 


1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 

5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 

6. Dimension Q shall be measured from the seating plane to the 
base plane. 

7. Measure dimension S1 at all four corners. 

. Nis the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 

10. Controlling dimension: INCH. 


jee) 


F14.3 MIL-STD-1835 GDIP1-T14 (D-1, CONFIGURATION A) 
14 LEAD CERAMIC DUAL-IN-LINE FRIT SEAL PACKAGE 


MILLIMETERS 


INFORMATION 


NOTES 
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Ceramic Dual-In-Line Frit Seal Packages (CERDIP) 


c1 LEAD FINISH F16.3 MIL-STD-1835 GDIP1-T16 (D-2, CONFIGURATION A) 
16 LEAD CERAMIC DUAL-IN-LINE FRIT SEAL PACKAGE 


[_GHES —_[_WILLIMETERS 
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<s 
bie cs BE 
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NOTES: 


1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 

5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 

6. Dimension Q shall be measured from the seating plane to the 
base plane. 

7. Measure dimension S1 at all four corners. 

. Nis the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 

10. Controlling dimension: INCH. 
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Ceramic Dual-in-Line Frit Seal Packages (CERDIP) 


c1 LEAD FINISH F18.3 MIL-STD-1835 GDIP1-T18 (D-6, CONFIGURATION A) 
18 LEAD CERAMIC DUAL-IN-LINE FRIT SEAL PACKAGE 


MILLIMETERS 


INFORMATION 


WAX NOTES 
[2200 
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(3 EEO) EEE) Efe) 


BASE | 


1.1 
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NOTES: 

1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions b1 and ci apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 

5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 

6. Dimension Q shall be measured from the seating plane to the 
base plane. 

7. Measure dimension S1 at all four corners. 

. Nis the maximum number of terminal positions. 
9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
10. Controlling dimension: INCH. 
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Hermetic Packages for Integrated Circuits 


Ceramic Dual-in-Line Frit Seal Packages (CERDIP) 


c1 LEAD FINISH F20.3 MIL-STD-1835 GDIP1-T20 (D-8, CONFIGURATION A) 
20 LEAD CERAMIC DUAL-IN-LINE FRIT SEAL PACKAGE 
[INCHES 
symBoL MIN” [MAX [MIN [MAX 
a a 
Te [oss [oes [2 | 
SOI MONO a 
ease Pt a 
Pains | Fel * | [=| soos [core [ozo [oa [2 
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= ae 
= 
1. Index area: A notch or a pin one identification mark shall be locat- | 0.125 | 0.200 | | 
ed adjacent to pin one and shall be located within the shaded | Qs 1.78 |e | 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. | 0.005 | = 
2. The maximum limits of lead dimensions b and c or M shall be Fa | | 90° | 105° | , #4 
measured at the centroid of the finished lead surfaces, when | aaa fo - | 0.015 | a 
solder dip or tin plate lead finish is applied. bbb | 0.030 
3. Dimensions b1 and ci apply to lead base metal only. Dimension oe ee ee 
M applies to lead plating and finish thickness. ae | | 
4. Corner leads (1, N, N/2, and N/2+1) may be configured with a | M | | = | 0.0015 | | oa | 
artial lead paddle. For this configuration di ion b3 replaces 


Rev. 0 4/94 


5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 


6. Dimension Q shall be measured from the seating plane to the 
base plane. 


7. Measure dimension S1 at all four corners. 

8. Nis the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
10. Controlling dimension: INCH 
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Ceramic Dual-in-Line Frit Seal Packages (CERDIP) 


c1 LEAD FINISH F24.3 MIL-STD-1835 GDIP3-T24 (D-9, CONFIGURATION A) 
24 LEAD CERAMIC DUAL-IN-LINE FRIT SEAL PACKAGE 


* 
SYMBOL | MAX | | MIN | NOTES 
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NOTES: 
1. Index area: A notch or a pin one identification mark shall be locat- 
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ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 0.038 


partial lead paddle. For this configuration dimension b3 replaces a a 
dimension b2. 
Rev. 0 4/94 


7 
105° 
0.38 


3 
eal 
Pd 
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5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 


6. Dimension Q shall be measured from the seating plane to the 
base plane. 


7. Measure dimension S1 at all four corners. 
. Nis the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANS! Y14.5M - 1982. 
10. Controlling dimension: INCH. 


PACKAGING 
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Ceramic Dual-in-Line Frit Seal Packages (CERDIP) 


NOTES: 


iP 


jee) 


. The maximum limits of lead dimensions b and c or M shall be 


. Dimensions b1 and c1 apply to lead base metal only. Dimension 


. Corner leads (1, N, N/2, and N/2+1) may be configured with a 


. This dimension allows for off-center lid, meniscus, and glass 


c1 LEAD FINISH F24.6 MIL-STD-1835 GDIP1-T24 (D-3, CONFIGURATION A) 
24 LEAD CERAMIC DUAL-IN-LINE FRIT SEAL PACKAGE 


MILLIMETERS 
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Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 


oe 
2 
a 
a 
7 
| 2 
ss 
32.77 | 5 | 
—- 
oe 
a 
<—- 
—- 
| 4s 
Lo 


measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 
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i? 2) 
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M applies to lead plating and finish thickness. 


partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 


Rev. 0 4/94 


overrun. 


. Dimension Q shall be measured from the seating plane to the 


base plane. 


. Measure dimension S1 at all four corners. 

. Nis the maximum number of terminal positions. 

. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
10. 


Controlling dimension: INCH. 
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Ceramic Dual-iIn-Line Frit Seal Packages (CERDIP) 


ci LEAD FINISH F28.6 MIL-STD-1835 GDIP1-T28 (D-10, CONFIGURATION A) 
28 LEAD CERAMIC DUAL-IN-LINE FRIT SEAL PACKAGE 


MILLIMETERS 


NOTES 


| MIN 
[= 
| 0.36 
| 0.36 
114 1.65 
| 0.58 
| 0.20 
| 0.20 | 


SOP 2OPO annie 
neon | “ | 1.14 
PLANE 0.018 
searwia a oe BE 
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b2 —» 


NOTES: 


1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 

2. The maximum limits of lead dimensions b and c or M shail be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 

3. Dimensions b1 and ci apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 

4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 

5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 

6. Dimension Q shall be measured from the seating plane to the 
base plane. 

7. Measure dimension S1 at all four corners. 

. Nis the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 

10. Controlling dimension: INCH. 
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Hermetic Packages for Integrated Circuits 


Ceramic Dual-In-Line Frit Seal Packages (CERDIP) 


ci LEAD FINISH F40.6 MIL-STD-1835 GDIP1-T40 (D-5, CONFIGURATION A) 
40 LEAD CERAMIC DUAL-IN-LINE FRIT SEAL PACKAGE 


MILLIMETERS 
NOTES 
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eae ae ee 
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BASE —— ar ce 
“a To00e | cos [ ozo | ose | 3 
oa ee 
veel Le Be hw A 
— 
— 
NOTES: [esooeso | _rezeso__[ 
1. Index area: A notch or apin one identification mark shall be locat- “oi28 70.200 —Ts08 | = | 
ed adjacent to pin one and shall be located within the shaded | Qs | | 0.015 | 0.070 | | 0.38 | 1.78 | 6 | 
area shown. The manufacturer’s identification shall not be used 
as a pin se identification mark. ° ° cs 013 fo - ae 
2. The maximum limits of lead dimensions b and c or M shall be | 90° | 105° | | 90° | 105° | [2 | 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. ° ee ae ee ee 
3. Dimensions b1 and c1 apply to lead base metal only. Dimension Ls =| 8080 ee Se a 
M applies to lead plating and finish thickness. | = | 0.010 | | = | 0.25 | P| 
4. Comer leads (1, N, N/2, and N/2+1) may be configured with a ee ae | 38 | 
partial lead paddle. For this configuration dimension b3 replaces [4 ag Le | 
dimension b2. 
5. This dimension allows for off-center lid, meniscus, and glass ney. Dae 
overrun. 
6. Dimension Q shall be measured from the seating plane to the 
base plane. 


7. Measure dimension S1 at all four corners. 
. Nis the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
10. Controlling dimension: INCH. 
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Ceramic Leadless Chip Carrier Packages (CLCC) 


J20.A MIL-STD-1835 CQCC1-N20 (C-2) 
20 PAD CERAMIC LEADLESS CHIP CARRIER PACKAGE 


MILLIMETERS 
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PACKAGING 
INFORMATION 


D2 0.100 BSC 2.54 BSC 
| SPMOES 


E1 0.200 BSC 5.08 BSC 


0.100 BSC 2.54 BSC 


1.27 BSC 


0.040 REF 5 
0.020 REF 


Rev. 0 5/18/94 
NOTES: 


1. Metallized castellations shall be connected to plane 1 terminals 
and extend toward plane 2 across at least two layers of ceramic 
or completely across all of the ceramic layers to make electrical 
connection with the optional plane 2 terminals. 


2. Unless otherwise specified, a minimum clearance of 0.015 inch 
(0.38mm) shall be maintained between all metallized features 
(e.g., lid, castellations, terminals, thermal pads, etc.) 


3. Symbol “N” is the maximum number of terminals. Symbols “ND” 
and “NE” are the number of terminals along the sides of length 
“D” and “E”, respectively. 

4. The required plane 1 terminals and optional plane 2 terminals (if 
used) shall be electrically connected. 


5. The corner shape (square, notch, radius, etc.) may vary at the 
manufacturer's option, from that shown on the drawing. 


6. Chip carriers shall be constructed of a minimum of two ceramic 
layers. 


7. Dimension “A” controls the overall package thickness. The maxi- 
mum “A” dimension is package height before being solder dipped. 


8. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
9. Controlling dimension: INCH. 
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0.040 REF 
0.020 REF 
0.058 
0.058 


L2 0.075 


0.015 


NOTES: 


1. Metallized castellations shall be connected to plane 1 terminals 
and extend toward plane 2 across at least two layers of ceramic 
or completely across all of the ceramic layers to make electrical 
connection with the optional plane 2 terminals. 


2. Unless otherwise specified, a minimum clearance of 0.015 inch 
(0.38mm) shall be maintained between all metallized features 
(e.g., lid, castellations, terminals, thermal pads, etc.) 


3. Symbol “N” is the maximum number of terminals. Symbols “ND” 
and “NE” are the number of terminals along the sides of length 
“D” and “E”, respectively. 


4. The required plane 1 terminals and optional plane 2 terminals (if 
used) shall be electrically connected. 


5. The corner shape (square, notch, radius, etc.) may vary at the 
manufacturer's option, from that shown on the drawing. 


6. Chip carriers shall be constructed of a minimum of two ceramic 
layers. 


7. Dimension “A” controls the overall package thickness. The maxi- 
mum “A” dimension is package height before being solder dipped. 


8. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
9. Controlling dimension: INCH. 
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NOTES: 


1. Metallized castellations shall be connected to plane 1 terminals 
and extend toward plane 2 across at least two layers of ceramic 
or completely across all of the ceramic layers to make electrical 
connection with the optional plane 2 terminals. 


2. Unless otherwise specified, a minimum clearance of 0.015 inch 
(0.38mm) shall be maintained between all metallized features 
(e.g., lid, castellations, terminals, thermal pads, etc.) 


3. Symbol “N” is the maximum number of terminals. Symbols “ND” 
and “NE” are the number of terminals along the sides of length 
“D” and “E”, respectively. 

4. The required plane 1 terminals and optional plane 2 terminals (if 
used) shall be electrically connected. 


5. The corner shape (square, notch, radius, etc.) may vary at the 
manufacturer's option, from that shown on the drawing. 


6. Chip carriers shall be constructed of a minimum of two ceramic 
layers. 


7. Dimension “A” controls the overall package thickness. The maxi- 
mum “A” dimension is package height before being solder dipped. 


8. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
9. Controlling dimension: INCH. 
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NOTES: 


1. Metallized castellations shall be connected to plane 1 terminals 
and extend toward plane 2 across at least two layers of ceramic 
or completely across all of the ceramic layers to make electrical 
connection with the optional plane 2 terminals. 


2. Unless otherwise specified, a minimum clearance of 0.015 inch 
(0.38mm) shall be maintained between all metallized features 
(e.g., lid, castellations, terminals, thermal pads, etc.) 


3. Symbol “N” is the maximum number of terminals. Symbols “ND” 
and “NE” are the number of terminals along the sides of length 
“D” and “E”, respectively. 

4. The required plane 1 terminals and optional plane 2 terminals (if 
used) shall be electrically connected. 


5. The corner shape (square, notch, radius, etc.) may vary at the 
manufacturer's option, from that shown on the drawing. 


6. Chip carriers shall be constructed of a minimum of two ceramic 
layers. 


7. Dimension “A” controls the overall package thickness. The maxi- 
mum “A” dimension is package height before being solder dipped. 


8. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
9. Controlling dimension: INCH. 


16-62 


Hermetic Packages for Integrated Circuits 


Ceramic Leadless Chip Carrier Packages (CLCC) 


J68.A 
68 PAD CERAMIC LEADLESS CHIP CARRIER PACKAGE 


MILLIMETERS 


ain] 
0087 


0.058 1.83 
oe ae 
CE Ee 
eee | 


E3 | 0.15 


NOTES 


jx45°_ 


~ 


20.32 BSC 
10.16 BSC 
16.05 


23.88 


t 20.32 BSC 
A Al 10.16 BSC 
i 4 — 0.616 | 0.632 | 15.65 

— PLANE 1 0.015 | | 


t 1.00 Ref 


1.14 

1.14 

0.08 | 0.38 | 
; 


ee a 


Rev. 0 5/18/94 


a 


Oo 
N 


PACKAGING 
INFORMATION 


HD} 0.007 DIE|F © HO} 


NOTES: 


1. Metallized castellations shall be connected to plane 1 terminals 
and extend toward plane 2 across at least two layers of ceramic 
or completely across all of the ceramic layers to make electrical 
connection with the optional plane 2 terminals. 


2. Unless otherwise specified, a minimum clearance of 0.015 inch 
(0.38mm) shall be maintained between all metallized features 
(e.g., lid, castellations, terminals, thermal pads, etc.) 


3. Symbol “N” is the maximum number of terminals. Symbols “ND” 
and “NE” are the number of terminals along the sides of length 
“D” and “E”, respectively. 

4. The required plane 1 terminals and optional plane 2 terminals (if 
used) shall be electrically connected. 


5. The corner shape (square, notch, radius, etc.) may vary at the 
manufacturer's option, from that shown on the drawing. 


6. Chip carriers shall be constructed of a minimum of two ceramic 
layers. 


7. Dimension “A” controls the overall package thickness. The maxi- 
mum “A” dimension is package height before being solder dipped. 


8. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
9. Controlling dimension: INCH. 
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NOTES: 

. Measured from maximum diameter of the actual device. 
. Measured from tab centerline. 

. Nis number of leads. 

. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 


af WN — 


. Controlling dimension: INCH. 
Rev. 0 4/94 


16-64 


Hermetic Packages for Integrated Circuits 


Metal Can Packages (Can) 
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NOTES: 


1. Measured from maximum diameter of the actual device. 


2. Measured from tab centerline. 
3. Nis number of leads 
4 
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. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 


. Controlling dimension: INCH. 
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Hermetic Packages for Integrated Circuits 


Metal Can Packages (Can) 
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LEAD FINISH 


SECTION A-A 


NOTES: 


1. (All leads) Ob applies between L1 and L2. O@b1 applies between 
L2 and 0.500 from the reference plane. Diameter is uncontrolled 
in L1 and beyond 0.500 from the reference plane. 


2. Measured from maximum diameter of the product. 


3. Qis the basic spacing from the centerline of the tab to terminal 1 
and £ is the basic spacing of each lead or lead position (N -1 
places) from a, looking at the bottom of the package. 


4. Nis the maximum number of terminal positions. 
5. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
6. Controlling dimension: INCH. 
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Metal Can Packages (Can) 


NOTES: 
Te 


. Gis the basic spacing from the centerline of the tab to terminal 1 


. Nis the maximum number of terminal positions. 
. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
. Controlling dimension: INCH. 
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L2 and 0.500 from the reference plane. Diameter is uncontrolled 36° BSC 
in L1 and beyond 0.500 from the reference plane. a 
Measured from maximum diameter of the product. 
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and B is the basic spacing of each lead or lead position (N -1 
places) from a, looking at the bottom of the package. 
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SERVICES 


See Us on the Net 


http:/Awww.semi.harris.com/ 


WHAT’S NEW DESIGN SUPPORT 


e Press Releases ¢ Application Note Listing 


e New Services Tech Brief Listing 


¢ New Web Material 


Downloadable Design Software 


PRODUCT INFORMATION Evaluation Boards Listing 


¢ Organized by Device Function Lexicon 


° Product Information Page Links to: E-mail To Central Applications Group for Technical Help 


- Data Sheets OTHER LINKS 


¢ >2500 Data Sheets and Application Notes * Sales Office and Distributor Listing 
SEARCH ¢ Target Application Sites 
¢ Search Based Upon Part Number or Description ¢ Quality/Reliability 


¢ Webmaster E-mail for Site Comments 
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How to Use Harris AnswerFAX 


What is AnswerFAX? 
AnswerFAX is Harris’ automated fax response system. It gives you on-demand access to a full 
library of the latest data sheets, application notes, and other information on Harris products. 


What do I need to use AnswerFAX? 
Just a fax machine and a touch-tone phone. You can access it 24 hours a day, 7 days a week. 


How does it work? 


You call the AnswerFAX number, touch-tone your way through a series of recorded questions, 
enter the order numbers of the documents you want, and give AnswerFAX a fax number to 
send them to. You'll have the information you need in minutes. The chart on the next page 
shows you how. 


How do | find out the order number for the publications | want? 


The first time you call AnswerFAX, you should order one or more on-line catalogs of product 
line information. There are nine catalogs: 


e New Products ¢ Digital Signal Processing (DSP) Products ¢ Rad Hard Products 
e Linear/Telecom Products _—* Discrete & Intelligent Power Products e CMOS Logic Products 
¢ Data Acquisition Products »* Microprocessor Products e Application Notes 


Once they’re faxed to you, you can call back and order the publications themselves by number. 
ee0 
How do! start? 
Dial 407-724-7800. That's it. 


a SEMICONDUCTOR 


Please refer to next page for a map to AnswerFAX. 
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ON-LINE 
SERVICES 


v-Lk 


Your Map to Harris AnswerFAX 


FARRIS 


SEMICONDUCTOR 


A complete AnswerFAX catalog listing is available. 
Please call 1-800-442-7747 and request extension number 7367. 


FAX IDENTIFIER 


ENTER 

YOUR CORRECT 
FAX NUMBER 

AND CONFIRM 


RE-ENTER YOUR 
FAX NUMBER 


ENTER A 
DOCUMENT 


PHONE 
NUMBER 


NUMBER 


DONE 
(UP TO THREE) 


DOCUMENT 


ORDER 


WELCOME TO 
AnswerFAx! 


GET HELP 


CATALOG 


NEW PRODUCTS 


LINEAR AND TELECOM 
PRODUCTS 


ENTER YOUR NAME 


[° | GET HELP 


MORE 
DONE [ #) [ #] 


DATA ACQUISITION 


PRODUCTS ENTER 
YOUR 
DIGITAL SIGNAL SEE QUICK VOICE 
REFERENCE GUIDE 
PROCESSING PHONE 
FOR SPECIAL teageas 
DISCRETE AND — CHARACTERS 
INTELLIGENT Wa = AT LEFT 
POWER PRODUCTS nck OF PAGE 
ice MICROPROCESSOR CATALOGS) 
ENTERS “Q BECOUCTS [ #) DONE 


PRODUCTS 


TRY AGAIN 


CMOS LOGIC 
PRODUCTS 


ENTERS “&” DONE 


ORDER 
SOMETHING 
ELSE 


CORRECT 


BLANK SPACE APPLICATION 


NOTES 


BACK-UP ONE 
CHARACTER 


CHOOSE A CATALOG 


HELP 


AnswerFAXS is a Service Mark of Harris Corporation 


MeFHARRIS Harris AnswerFAX Data Book Request Form - Document #199 


SEMICONDUCTOR Data Books Available Now 
PUB. 
NUMBER DATA BOOK/DESCRIPTION 
| | 7004 | Complete Set of Commercial HarrisDataBooks Set of Commercial Harris Data Books 


- 7005 6 Set of Commercial and Military Harris Data Books 


- DB223B POWER MOSFETs (1994: 1,328pp) This data book contains detailed technical information including standard power MOSFETs (the 


popular RF-series types, the IRF-series of industry replacement types, and JEDEC types), MegaFETs, logic-level power MOSFETs 
j DB316 POWER MOSFET DATA BOOK SUPPLEMENT (1996: 380pp) This data book contains the data sheets of recently introduced products 


(L2FETs), ruggedized power MOSFETs, advanced discrete, high-reliability and radiation-hardened power MOSFETs. 
and also updates some of the data sheets in the Power MOSFET Data Book DB223B. These data sheets contain the detailed 
specification for these products. 

DB235B RADIATION HARDENED (1993: 2,232pp) The Harris radiation-hardened products include the CD4000, HCS/HCTS and ACS/ACTS 


logic families, SRAMs, PROMs, op amps, analog multiplexers, the 80C85/80C86 microprocessor family, analog switches, gate arrays, 
standard cells and custom devices. 


DB260.2 CDP6805 CMOS MICROCONTROLLERS & PERIPHERALS (1995: 436pp) This data book represents the full line of Harris 
Semiconductor CDP6805 products for commercial applications and supersedes previously published CDP6805 data books under the 
Harris, GE, RCA or Intersil names. 


eo | DATA ACQUISITION (1997: 1,318pp) Product specifications on A/D converters (display, integrating, successive approximation, flash); 
‘paid (2 converters, switches, multiplexers, and other products. 


Nia DIGITAL SIGNAL PROCESSING (1994: 528pp) Product specifications on one-dimensional and two-dimensional filters, signal 
synthesizers, multipliers, special function devices (Such as address sequencers, binary correlators, histogrammer). 


DB303.1 MICROPROCESSOR PRODUCTS (1997: 1,260pp) In the ever-changing IC marketplace, Harris Semiconductor has made a strong 
business commitment to continue servicing mature CMOS products and technologies. As always, we will supply mature, standard 
architecture microprocessor families for markets including cellular communications, PABX, networking systems, EDP peripherals, 
medical and avionics instrumentation. 


oo | 1 INTELLIGENT POWER ICs (1994: 946pp) This data book includes a complete set of data sheets for product specifications, application 
eee ee with design details for specific applications of Harris products, and a description of the Harris quality and high reliability program. 


Hani MCTAGBT/DIODES (1995: 706pp) This MCT/IGBT/Diodes data book represents the full line of these products made by Harris 
Semiconductor Discrete Power Products for commercial applications. 


j DB319 HARRIS IGBT UFS SERIES SUPPLEMENT (1997: 164pp) The UFS series IGBT (Insulated Gate Bipolar Transistor) Data Book 


Supplement represents a new generation of IGBT products from Harris Semiconductor Discrete Power Products for commercial 
applications. This data book supplement describes Harris Semiconductor's line of UFS (Ultra Fast Switching) IGBTs. 


ee 4 SIGNAL PROCESSING NEW RELEASES (1995: 690pp) This data book represents the newest products made by Harris Semiconductor 
aaa Acquisition Products, Linear Products, Telecom Products and Digital Signal Processing Products for commercial applications. 


‘ DB315.1 CROSS-REFERENCE GUIDE (1996: 554pp) Listing of semiconductor products that are second-sourced by Harris Semiconductor. 


i; DB317 COMMUNICATIONS DATA BOOK (1997: 708pp) Technical information including data sheets and application notes for a variety of Harris 


Integrated Circuits targeted for the communications industry. These products include the PRISM 2.4GHz DSSS Wireless Transceiver 
Chip Set, the new HC5517 Ringing SLIC as well as Standard Linear, Data Acquisition, DSP and Power products. 


APPLICATIONS FOR COMMUNICATION ICs (1997: 392pp) Application Notes and Tech Briefs for Harris communication products that 
range from wireless PRISM™ 2.4GHz WLAN chip set to Telecom HC5517 ringing SLIC. Also Data Acquisition and Digital Signal Processing. 


ON-LINE 
SERVICES 


ln LPT/FCT CMOS LOGIC EXPANSION (1997: 620pp) This data book fully describes Harris Semiconductor's LPT and FCT CMOS Logic 
TRANSIENT VOLTAGE SUPPRESSION DEVICES (1995: 400pp) Product specifications of Harris varistors and surgectors. Also, 
LINEAR ICs (1996/97: 1446pp) Harris offers an extensive line of Linear components including: High Speed and General Purpose Op 

circuits. 


ICs. It includes a complete set of data sheets for product specifications, application notes and techbriefs with design details for specific 
applications of Harris products, and a description of the Harris Quality and Reliability program. 
general informational chapters such as: “Voltage Transients - An Overview,” “Transient Suppression - Devices and Principles,” 
“Suppression - Automotive Transients.” 
DB500.3 
Amps, Comparators, Sample/Hold Amps, Video Crosspoint Switches, Special Analog Circuits and Transistor Arrays. 
Analog ANALOG MILITARY (1989: 1,264pp) This data book describes Harris' military line of Linear, Data Acquisition, and Telecommunications 
Military 
ANALOG MILITARY DATA BOOK SUPPLEMENT (1994: 432pp) The 1994 Military Data Book Supplement, combined with the 1989 
Analog Military Product Data Book, contain detailed technical information on the extensive line of Harris Semiconductor Linear and Data 
Acquisition products for Military (MIL-STD-883, DESC SMD and JAN) applications and supersedes all previously published Linear and 


Data Acquisition Military data books. For applications requiring Radiation Hardened products, please refer to the 1993 Harris Radiation 
Hardened Product Data Book (document #DB235B) 


PSG201.24 | PRODUCT SELECTION GUIDE (1997: 640pp) Key product information on a// Harris Semiconductor devices. Includes an alphanumeric 
part number index, new products, nomenclature guides, selection trees and complete selection guides. Military/Space cross reference 
guide. 


CMOS LOGIC SELECTION GUIDE (1994: 288pp) This product selection guide contains technical information on Harris Semiconductor 


$G103 


High Speed 54/74 CMOS Logic Integrated Circuits for commercial, industrial and military applications. It covers Harris’ High Speed 
CMOS Logic HC/HCT Series, AC/ACT Series, BICMOS Interface Logic FCT Series and CMOS Logic CD4000B Series. 


L | BR-057.3_ | AnswerFAX CATALOG (Fall 1996: 112pp) A Complete AnswerFAX Catalog listing. 


NAME: COMPANY: 
PHONE: ADDRESS: MAIL STOP 
FAX: CITY, STATE: ZIP: 


LITERATURE REQUESTS SHOULD BE DIRECTED TO: HARRIS FULFILLMENT FAX #: 610-265-2520 
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AnswerFAX Technical Support 
Data Acquisition Product Listing 
AnswerFAX 


DOCUMENT 
NUMBER 


PART 


NUMBER DESCRIPTION 


CA3304, 
CA3306, 


Using Harris High Speed A/D 
Converters (10 pages) AN9214.2 


9001 
ANOO1 


9002 
ANOO02 


(General DAQ) Glossary of Data Conversion 


Terms (6 pages) 


(General DAQ) Principles of Data Acquisition and 


Conversion (20 pages) 


CA3318, 


9009 (General DAQ) Pick Sample-Holds by Accuracy 
ANOO9 and Speed and Keep Hold 
Capacitors in Mind (7 pages) 
(General DAQ) Switching Signals with 
ANO12 Semiconductors (4 pages) 


(General DAQ) Selecting A/D Converters 
ANO16 (7 pages) 

(General DAQ) Do's and Dont’s of Applying A/D 
ANO18 Converters (4 pages) 


(General DAQ) A Cookbook Approach to High 
ANO20 Speed Data Acquisition and 
Microprocessor Interfacing 
(23 pages) 
(General DAQ) Video Analog-to-Digital 
ANO43 Conversion (6 pages) 


(General DAQ) Games People Play with A/D 
ANO47 Converters (27 pages) 


(General DAQ) Know Your Converter Codes 
ANO48 (5 pages) 
(General DAQ) CMOS Analog Multiplexers and 


AN520 Switches; Applications 
Considerations (9 pages) 


(General DAQ) Getting the Most Out of CMOS 
AN521 Devices for Analog Switching Jobs 
(7 pages) 
(General DAQ) Digital to Analog Converter 
AN522 Terminology (3 pages) 


(General DAQ) Digital to Analog Converter High 
AN524 Speed ADC Applications (3 pages) 


(General DAQ) Analog Switch Applications in A/D 
AN531 Data Conversion Systems 
(4 pages) 
(General DAQ) Common Questions Concerning 
AN532 CMOS Analog Switches (4 pages) 


(General DAQ) Design Considerations for Data 
AN535 Acquisition Systems (DAS) 
(7 pages) 
(General DAQ) Recommended Test Procedures 
AN557 for Analog Switches (6 pages) 


(General DAQ) Reduce CMOS-Multiplexer 
AN9337 Troubles Through Proper Device 
Selection (6 pages) 


(General DAQ) Using the DAC Reconstruct Board 
AN9419 (8 pages) 


9012 


9016 


9018 


9043 


9047 


9048 


9520 


9522 


9524 


9531 


9532 


9535 


9557 


99337 


99419 


AN8759 


98759 
9517 


9538 
99402 


9543 


HA-2546, 
HA-5020, 
HA-5033, 
HA-5177, 
HI-5700 
AN9313 


HA-5320 
AN538 


HI-0201 
AN9402 


AN543 


HI-222 
AN559 


HI-222 
AN9316 


HI-300 
AN534 


9534 


99328 
99411 
99329 
99407 


99533 


AN539 


HI1166 
AN9328 


HI1171 
AN9411 


AN9329 


HI1175 
AN9331 


AN9407 


HI1176 
AN9533 


17-6 


99214 
HI-5700, HI5701, 
HI5800, HI1166, 
HI1175, HI1176, 
HI1276, HI1386, 
HI1396 
AN9214 


CDP68HC05C4 Low Cost Data Acquisition System 


HI-201HS 


HI-DAC16 


Features SPI A/D Converter 

(9 pages) 

Applications of Monolithic Sample 
and Hold Amplifier (5 pages) 


Circuit Considerations in Imaging 
Applications (8 pages) 


Monolithic Sample/Hold Combines 
Speed and Precision (6 pages) 
Keeping the HI-0201 Switch 
Closed when Removing the V+ 
Supply (1 page) 

New High Speed Switch Offers 
Sub-50ns Switching Times 

(7 pages) 

HI-222 Video/HF Switch Optimizes 
Key Parameters (7 pages) 


Power Supply Considerations for 
the HI-222 High Frequency Video 
Switch (2 pages) 

Additional Information on the 
HI-300 Series Switch (5 pages) 

A Monolithic 16-bit D/A Converter 
(5 pages) 

Using the HI1166 Evaluation Board 
(9 pages) 

Using the HI1171 Evaluation Kit 
(6 pages) 


HI1171, HI1176 Using the HI1176/HI1171 


Evaluation Board (5 pages) 


Using the HI1175 Evaluation Board 
(10 pages) 


HI1176, HI1179 Using the HI1176/HI1179 


Evaluation Board (13 pages) 


Design Considerations When 
Using the HI1176 Input Clamp 
Circuit (4 pages) AN9533 


AnswerFAX 
DOCUMENT 
NUMBER 


99332 
99333 
99330 


99406 
99652 


99215 


99213 


99216 
99413 


99509 


99602 


99619 


99626 
99629 


FARRIS 


SEMICONDUCTOR 


PART 


NUMBER 
HI1276EVAL Using the HI1276 Evaluation Board 


AN9223 


HI1386 
AN9333 


HI1396 
AN9330 


HI20201, 
HI20203 
AN9406 


HI3026, 
HI3026A 
AN9652 


HI-5700 
AN9215 


HI-5700, 
HI-5701 
AN9213 


HI-5701 
AN9216 


HI5702 
AN9413 


HI5702, 
HI5703, 


HSP43220, 
HSP45116 


AN9509 


HI5703 
AN9534 


HI5710 
AN9511 


HI5714 
AN9517 


HI5721 
AN9410 


HI5721 
AN9501 


HI5731 
AN9602 


HI5741 
AN9619 


HIS5741 
AN9626 


HI5741 
AN9629 


AN9631 


DESCRIPTION 


(10 pages) AN9332 


Using the HI1386 Adapter Board 
(2 pages) 

Using the HI1396 Evaluation Board 
(9 pages) 

Using the HI20201/03 Evaluation 
Kit (11 pages) 


Using the HI3026 and HI3026A 
Evaluation Boards (10 pages) 
AN9652 


Using the HI-5700 Evaluation 
Board (7 pages) 

Advantages and Application of 
Display Integrating A/D Converters 
(6 pages) 

Using the HI-5701 Evaluation 
Board (8 pages) 

Driving the Analog Input of the 
HI5702 (3 pages) 

Digital IF Sub Sampling Using the 


HI5702, HSP45116 and 
HSP43220 (5 pages) AN99509. 1 


Using the HI5703 Evaluation Board 
(13 pages) AN9534.1 


Using the HI5710 Evaluation Board 


(13 pages) AN9511 


Using the HI5714 Evaluation Board 
(11 pages) AN9517 


Using The HI5721 Evaluation 
Module (11 pages) AN9410.1 


Understanding the HI5721 D/A 
Converter Spectral Specifications 
(3 pages) AN9501.1 


Using The HI5731 Evaluation 
Module (11 pages) AN9602 


Optimizing Setup Conditions for 
High Accuracy Measurements of 
the HI5741 (4 pages) AN9619 


Using The HI5741 Evaluation 
Module (12 pages) AN9626 


Multi-Tone Performance of the 
HI5741 (3 pages) AN9629 


HI5746, HI5703 Performance Evaluation of the 


HI5746 Using the HI5703 
Evaluation Board (7 pages) 
AN9631 
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AnswerFAX 
DOCUMENT 
NUMBER 


99647 


99707 


99518 


99538 


99610 


99620 


99634 


99669 


99504 


99601 
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PART 


NUMBER 


HI5780 
AN9530 


HI5800 
AN9203 


AN9309 


AN9647 


AN9707 


AN9326 


HI5905 
AN9718 


HI7188 
AN9518 


HI7188 
AN9538 


HI7188 
AN9610 


HI7188 
AN9620 


HI7188 
AN9634 


HI7188 
AN9669 


HI7190 
AN9504 


HI7190, 


ICL7660S 


AN9601 


HI7190 
AN9505 


HI7190 
AN9527 


HI7190 
AN9532 


ICL7103A, 


ICL8052 
ANO28 


ICL7104 
ANO30 


DESCRIPTION 


Using The HI5780 Evaluation 
Module (9 pages) AN9530 


Using the HI5800 Evaluation Board 
(13 pages) 


HI5800/HI5801 Using the HI5800/HI5801 
Obsolete 


Evaluation Board (8 pages) 
AN9309.1 


HIS804EVAL Using the HI5804 Evaluation Board 


(14 pages) AN9647 


HI5805EVAL1 Using the HIS805EVAL1 


Evaluation Board (15 pages) 
AN9707 


HI5812, HI5813 A Complete Analog-to-Digital 


Converter Operating from a Single 
3.3V Power Supply (4 pages) 


Analog Amplifier Linearity 
Characterization via Probability 
Weighted Multitone Power Ratio 
Testing (HI5905) (5 pages) 
AN9718 


Using The HI7188 Evaluation Kit 
(22 pages) AN9518.1 


Using The HI7188 Serial Interface 
(5 pages) AN9538 

Interfacing the HI7188 to a 
Microcontroller (7 pages) AN9610 


Using the HI7188 with a Single 
Supply (3 pages) AN9620 

Using the HI7188 to Create a 64 
Channel Multiplexed System 

(5 pages) AN9634 

HI7188 LabWindows Evaluation 
Board Program (6 pages) AN9669 


A Brief Introduction to Sigma Delta 
Conversion (7 pages) AN9504 


Using the HI7190 with Single +5V 
Supply (2 pages) AN9601 


Using the HI7190 Evaluation Kit 
(11 pages) 

Interfacing the HI7190 to a 
Microcontroller (5 pages) AN9527 


Using the HI7190 in a Multiplexed 
System (3 pages) AN9532 
Build an Auto-Ranging DMM with 


the ICL7103A/8052A A/D 
Converter Pair (6 pages) 


ICL7104: A Binary Output A/D 
Converter for Microprocessors 
(16 pages) 


ON-LINE 
SERVICES 


AnswerFAX 
DOCUMENT 
NUMBER 


PART 
NUMBER 


ICL7106 
ANO23 


ICL7106 
ANO46 


ICL7106 
ANO59 


1CL7106, 
ICL7117, 
1CL7126, 
ICL7107, 
1CL7116 
ANO52 


ICL7106, 
1CL7107, 
1CL7116, 
1CL7117, 
ICL7129, 
1CL7131, 
1ICL7133, 
1CL7136, 
ICL713 
AN9609 


ICL7109 
ANO49 


ICL7135 
ANO54 


9049 


9054 


9017 ICL7135 


ANO17 


ICL7139 
AN9336 


ICL7660 
ANO51 


99336 


ICL8052 
ANO42 


9004 IH5009 


ANO04 


FARRIS 


SEMICONDUCTOR 


DESCRIPTION 


Low Cost Digital Panel Meter 


Designs (5 pages) 


Building a Battery Operated Auto 
Ranging DVM with the ICL7106 
(5 pages) 

Digital Panel Meter Experiments 


for the Hobbyist (7 pages) 


Understanding the Auto-Zero and 
Common Mode Performance of the 
ICL7106/7107/7109 Family 


(8 pages) 


Tips for Using Single Chip 3.5 Digit 
A/D Converters (9 pages) 


Overcoming Common Mode 
Range Issues When Using Harris 
Integrating Converters (3 pages) 
AN9Q609.1 


Applying the 7109 A/D Converter 
(5 pages) 

Display Driver Family Combines 
Convenience of Use with 
Microprocessor Interfaceability 
(18 pages) 

The Integrating A/D Converter 

(5 pages) 

Multi-Meter Display Converter 
Eases DMM Design (6 pages) 


Principles and Applications of the 
ICL7660 CMOS Voltage Converter 
(10 pages) 

Interpretation of Data Converter 
Accuracy Specifications 

(11 pages) 

The IH5009 Analog Switch Series 
(9 pages) 


DATA ACQUISITION TECH BRIEFS 


82347 
99675 


(General A/D 
Converters) 
AN9675 


Tape and Reel Specification for 
Integrated Circuits (6 pages) 
TB347 


A Tutorial in Coherent and 
Windowed Sampling with A/D 
Converters (8 pages) AN9675 
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AnswerFAX 
DOCUMENT 
NUMBER 


PART 
NUMBER DESCRIPTION 


(General DAQ) Higher Speed Clock Rates Help 
TB330 Ease Filtering Requirements in 
Communication D/As (2 pages) 


(General DAQ) Guidelines for Soldering Surface 
TB334 Mount Components to PC Boards 
(2 pages) TB334 


Replacing an MP7684/MP7684A 
with an HI5700 (1 pages) TB322.1 


HI5700 
Obsolete 
TB322 


MP7682, 
HI-5701 
TB323 


(General DAQ), Understanding Glitch In A High 
HI5721 Speed D/A Converter (2 pages) 
TB325 


(General DAQ), Measuring Spurious Free Dynamic 
HI5721 Range in a D/A Converter 
TB326 (2 pages) 


(General DAQ), Setup and Hold Considerations 
HI5721 When Using the HI5721 (2 pages) 
TB328 


(General DAQ, 
HI5800) 
TB324 


HI5810, HI5812, Driving the Analog Input of the 
HI5813, HI5816 HI581X Family of 12-Bit Analog to 
TB335 Digital Converters (2 pages) 

TB335 


Replacing an MP7682 with an 
HI5701 (1 pages) 


Clamping the Analog Input of the 


HI5800 (1 page) 


HI7188 
TB345 


Amended Information to Using the 
HI7188 Clock Input (1 page) 
TB345 


HI7188, Harris Sigma-Delta Calibration 
HI7190, HI7191 Technique (3 pages) TB329 
TB329 


HI7190 
TB331 


HI7190 
TB348 


Using the HI7190 Serial Interface 
(3 pages) TB331 


HI7190 Negative Full Scale Error 
vs Conversion Frequency 
(2 pages) TB348 
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North American Sales Offices, Representatives and Authorized Distributors _ August 25, 1997 


Rocklin 
TEL: (916) 632-3104 


ARIZONA CALIFORNIA 
Compass Mktg. & Sales, Inc. Harris Semiconductor 
+ 11801 N. Tatum Blvd. #101 * 1503 So. Coast Drive 


ALABAMA 
Harris Semiconductor 
600 Boulevard South 


Suite 103 

Huntsville, AL 35802 
TEL: (205) 883-2791 
FAX: 205 883 2861 


Giesting & Associates 
Suite 15 

4835 University Square 
Huntsville, AL 35816 
TEL: (205) 830-4554 
FAX: 205 830 4699 


Allied Electronics 
Huntsville 
TEL: (205) 721-3500 


Mobile 
TEL: (334) 476-1875 


Arrow/Schweber 
Huntsville 
TEL: (205) 837-6955 


Future Electronics 
Huntsville 
TEL: (205) 971-2010 


FAI - Future Active Industrial 
Huntsville 
TEL: (205) 971-1324 


Hamilton Hallmark 
Huntsville 
TEL: (205) 837-8700 


Newark Electronics 
Birmingham 
TEL: (205) 979-7003 


Huntsville 
TEL: (205) 837-9091 


Mobile 
TEL: (205) 471-6500 


Wyle Electronics 
Huntsville 
TEL: (205) 830-1119 


Zeus, An Arrow Company 
Huntsville 

TEL: (407) 333-3055 

TEL: (800) 52-HI-REL 


ALASKA 


Newark Electronics 
Bellevue 
TEL: 800-321-8984 


Phoenix, AZ 85028 
TEL: (602) 996-0635 
FAX: 602 996 0586 


2480 W. Ruthrauff, Suite #140 
Tucson, AZ 85705 

TEL: (520) 292-0222 

FAX: 520 292 1008 


Alliance Electronics, Inc. 
Scottsdale 
TEL: (602) 483-9400 


Allied Electronics 
Tempe 
TEL: (602) 831-2002 


Arrow/Schweber 
Tempe 
TEL: (602) 431-0030 


Future Electronics 
Phoenix 
TEL: (602) 968-7140 


FAI - Future Active Industrial 
Phoenix 
TEL: (602) 731-4661 


Hamilton Halimark 
Phoenix 
TEL: (602) 437-1200 


Newark Electronics 
Tempe 
TEL: (602) 966-6340 


Wyle Electronics 
Phoenix 
TEL: (602) 804-7000 


Zeus, An Arrow Company 
Tempe 

TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 


ARKANSAS 


Newark Electronics 
Little Rock 
TEL: (501) 225-8130 


uD 


*Field Application Assistance Available +Representatives 


Suite 320 

Costa Mesa, CA 92626 
TEL: (714) 433-0600 
FAX: 714 433 0682 


Harris Semiconductor 
3031 Tisch Way 

Suite 800 

San Jose, CA 95128 
TEL: (408) 985-7322 
FAX: 408 985 7455 


Ewing Foley, Inc. 
185 Linden Avenue 
Auburn, CA 95603 
TEL: (916) 885-6591 
FAX: 916 885 6594 


10495 Bandley Avenue 
Cupertino, CA 95014-1972 
TEL: (408) 342-1220 

FAX: 408 342 1221 


Mesa Components, Inc. 
5520 Ruffin Road 

Suite 208 

San Diego, CA 92123 
TEL: (619) 278-8021 
FAX: (619) 576-0964 


Vision Technical Sales, Inc. 


*+ 26010 Mureau Road 
Suite 140 
Calabasas, CA 91302 
TEL: (818) 878-7955 
FAX: 818 878 7965 


16257 Laguna Canyon Road 
Suite 150 

Irvine, CA 92618 

TEL: (714) 450-9050 

FAX: (714) 450-9061 

Allied Electronics 

Irvine 

TEL: (714) 727-3010 


Rancho Cucamonga 
TEL: (909) 980-6522 


FARRIS 


SEMICONDUCTOR 
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San Diego 
TEL: (619) 279-2550 


San Jose 
TEL: (408) 383-0366 


Torrance 
TEL: (310) 540-0039 


Woodland Hills 
TEL: (818) 598-0130 


Arrow/Schweber 
Calabasas 
TEL: (818) 880-9686 


Fremont 
TEL: (408) 432-7171 


Irvine 
TEL: (714) 587-0404 


San Diego 
TEL: (619) 565-4800 


San Jose 
TEL: (408) 441-9700 


Bell Microproducts 
Irvine 
TEL: 714-470-2900 


San Diego 
TEL: 619-597-3010 


San Jose 
TEL: 408-451-9400 


Westlake Village 
TEL: 805-496-2606 


Future Electronics 
Irvine 
TEL: (714) 453-1515 


Los Angeles 

TEL: (818) 865-0040 
Sacramento 

TEL: (916) 783-7877 
San Diego 

TEL: (619) 625-2800 
Sar. Jose 

TEL: (408) 434-1122 
FAI - Future Active Industrial 
Irvine 

TEL: (714) 753-4778 | 
Los Angeles 

TEL: (818) 879-1234 


SALES OFFICES 


Sacramento 
TEL: (916) 782-7882 


San Diego 
TEL: (619) 623-2888 


San Jose 
TEL: (408) 434-0369 


Hamilton Hallmark 
Costa Mesa 
TEL: (714) 789-4100 


Los Angeles 
TEL: (818) 594-0404 


Sacramento 
TEL: (916) 632-4500 


San Diego 
TEL: (619) 571-7540 


San Jose 
TEL: (408) 435-3500 


Newark Electronics 
Garden Grove 
TEL: (714) 893-4909 


Riverside 
TEL: (909) 784-1101 


Santa Fe Springs 
TEL: (310) 929-9722 


Sacramento 
TEL: (916) 565-1760 


Chula Vista 
TEL: (619) 691-0141 


San Diego 
TEL: (619) 453-8211 


Palo Alto 
TEL: (415) 812-6300 


Santa Clara 
TEL: (408) 988-7300 


Thousand Oaks 
TEL: (805) 499-1480 


Wyle Electronics 
Los Angeles 
TEL: (818) 880-9000 


Irvine 
TEL: (714) 789-9953 


Sacramento 
TEL: (916) 638-5282 


San Diego 

TEL: (619) 558-6600 

Santa Clara 

TEL: (408) 727-2500 
1-800-866-9953 


Zeus, An Arrow Company 


San Jose 

TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 
Irvine 

TEL: (714) 581-4622 
TEL: (800) 52-HI-REL 


CANADA 
Blakewood Electronic 
Systems, Inc. 

+ #201 - 7382 Winston Street 
Burnaby, BC Canada V5A 2G9 
TEL: (604) 444-3344 
FAX: 604 444 3303 


Cee-Jay Microsystems LTD. 
5925 Airport Road, Suite 614 
Mississauga, Ontario L4V 1W1 
TEL: 905-678-3188 
FAX: 905-678-3166 


308 Palladium Drive 

Suite 200 Kanata, Ontario 
Canada K2B 1A1 

TEL: (613) 599-5626 
FAX: 613 599 5707 


78 Donegani, Suite 200 
Pointe Claire, Quebec 
Canada H9R 2V4 

TEL: (514) 426-0453 
FAX: 514 426 0455 


Allied Electronics 
Burnaby, BC 
TEL: (604) 420-9691 


Nepean, Ontario 
TEL: (613) 228-1964 


Arrow/Schweber 
Burnaby, British Columbia 
TEL: (604) 421-2333 


Dorval, Quebec 
TEL: (514) 421-7411 


Nepan, Ontario 
TEL: (613) 226-6903 


Mississagua, Ontario 
TEL: (905) 670-7769 


Anthem Canada 
Burnaby, British Columbia 
TEL: (604) 606-8950 
Calgary, Alberta 
TEL: (403) 273-2780 
Concord, Ontario 
TEL: (416) 798-4884 
Nepean, Ontario 
TEL: (613) 596-6980 
Pointe Claire, Quebec 
TEL: (514) 697-8149 
Winnipeg, Manitoba 
TEL: (204) 786-2589 
Future Electronics 
Montreal 

TEL: (514) 457-3004 
Ottawa, Ontario 
TEL: (613) 727-1800 
Quebec 

TEL: (418) 877-6666 
Mississauga, Ontario 
TEL: (905) 612-9200 


Vancouver, B.C. 
TEL: (604) 294-1166 


+ 


“Field Application Assistance Available +Representatives 


FAI - Future Active Industrial 
Calgary, Alberta 
TEL: (403) 250-5550 


Edmonton, Alberta 
TEL: (403) 438-5888 


Montreal 
TEL: (514) 457-3004 


Ottawa, Ontario 
TEL: (613) 727-8622 


Quebec 
TEL: (418) 682-5775 


Mississauga, Ontario 
TEL: (905) 612-9888 


Vancouver, B.C. 
TEL: (604) 654-1050 


Winnipeg, Manitoba 
TEL: (204) 944-1446 


Hamilton Hallmark 
Mississagua, Ontario 
TEL: (905) 564-6060 


Montreal 
TEL: (514) 335-1000 


Ottawa 
TEL: (613) 226-1700 


Vancouver, B.C. 
TEL: (604) 420-4101 


Toronto 
TEL: (905) 564-6060 


Newark Electronics 
London, Ontario 
TEL: (519) 685-4280 


Mississauga, Ontario 
TEL: (905) 670-2888 


Mount Royal, Quebec 
TEL: (514) 738-4488 


COLORADO 
Compass Mktg. & Sales, Inc. 
+ 14142 Denver West Pkwy 
#200 
Golden, CO 80401 
TEL: (303) 277-0456 
FAX: 303 277-0429 


Allied Electronics 
Englewood 
TEL: (303) 790-1664 


Arrow/Schweber 
Englewood 
TEL: (303) 799-0258 


Future Electronics 
Denver 
TEL: (303) 232-2008 


FAI - Future Active Industrial 
Denver 
TEL: (303) 237-1400 


Hamilton Hallmark 
Denver 
TEL: (303) 790-1662 


Colorado Springs 
TEL: (719) 637-0055 
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Newark Electronics 
Denver 
TEL: (303) 373-4540 


Wyle Electronics 
Denver 
TEL: (303) 457-9953 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


CONNECTICUT 


Advanced Tech. Sales, Inc. 


+ Westview Office Park 


Bidg. 2, Suite 1C 

850 N. Main Street Extension 
Wallingford, CT 06492 

TEL: (508) 664-0888 

FAX: 203 284 8232 


Alliance Electronics, Inc. 
Milford 
TEL: (203) 874-2001 


Allied Electronics 
Cheshire 
TEL: (203) 272-7730 


Arrow/Schweber 
Wallingford 
TEL: (203) 265-7741 


Future Electronics 
Cheshire 
TEL: (203) 250-1319 


FAI - Future Active Industrial 
Cheshire 
TEL: (203) 250-0083 


Hamilton Halimark 
Danbury 
TEL: (203) 271-5700 


Newark Electronics 
Bloomfield 
TEL: (203) 243-1731 


Wyle Electronics 
Wallingford 
TEL: (203) 269-8077 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


FLORIDA 


Harris Semiconductor 
1025 W. Nasa Blvd. 
Bidg. F 

Melbourne, FL 32919 
TEL: (407) 724-3748 
FAX: (407) 724-3276 


Sun Marketing Group 


+ 1956 Dairy Rd. 


West Melbourne, FL 32904 
TEL: (407) 723-0501 
FAX: 407 723 3845 


4175 East Bay Drive, Suite 128 
Clearwater, FL 33764 

TEL: (813) 536-5771 

FAX: 813 536 6933 
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123 N.W. 13th Avenue, 
Suite 212 

Boca Raton, FL 33432 
TEL: (561) 347-3044 
FAX: 561 347 3045 


Allied Electronics 
Ft. Lauderdale 
TEL: (954) 733-3144 


Jacksonville 
TEL: (904) 739-5920 


Maitland 
TEL: (407) 539-0055 


Miami Lakes 
TEL: (305) 558-2511 


St. Petersburg 
TEL: (813) 579-4660 


Arrow/Schweber 
Deerfield Beach 
TEL: (954) 429-8200 


Lake Mary 
TEL: (954) 333-9300 


Bell Microproducts 
Altamonte Springs 
TEL: 407-682-1199 
TEL: 800-542-3083 


Deerfield Beach 
TEL: 305-429-1001 


Future Electronics 
Clearwater 
TEL: (813) 530-1222 


Deerfield Beach 
TEL: (954) 426-4043 


Orlando 
TEL: (407) 865-7900 


FAI - Future Active Industrial 
Clearwater 
TEL: (813) 530-1665 


Deerfield Beach 
TEL: (954) 428-9494 


Orlando 
TEL: (407) 865-9555 


Tallahassee 
TEL: (904) 668-7772 


Hamilton Hallmark 
Clearwater 
TEL: (813) 507-5000 


Orlando 

TEL: (407) 657-3300 
Miami 

TEL: (954) 484-5482 
Newark Electronics 


Orlando 
TEL: (407) 896-8350 


Ft. Lauderdale 

TEL: (305) 486-1151 
Tampa 

TEL: (813) 287-1578 


Jacksonville 
TEL: (904) 399-5041 


Mobile 
TEL: (205) 471-6500 


Wyle Electronics 
Deerfield Beach 
TEL: (954) 420-0500 


Maitland 
TEL: (407) 740-7450 


St. Petersburg 
TEL: (813) 576-3004 


Zeus, An Arrow Company 
Lake Mary 

TEL: (407) 333-3055 

TEL: (800) 52-HI-REL 


GEORGIA 
Giesting & Associates 

+ 2434 Hwy. 120, Suite 108 
Duluth, GA 30097 
TEL: (770) 476-0025 
FAX: 770 476 2405 


Allied Electronics 
Duluth 
TEL: (770) 497-9544 


Arrow/Schweber 
Duluth 
TEL: (770) 497-1300 


Future Electronics 
Norcross 
TEL: (770) 441-7676 


FAI - Future Active Industrial 
Norcross 
TEL: (770) 447-4767 


Hamilton Hallmark 
Atlanta 
TEL: (770) 623-4400 


Newark Electronics 
Norcross 
TEL: (770) 448-1300 


Wyle Electronics 
Atlanta 
TEL: (770) 441-9045 


Zeus, An Arrow Company 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 


IDAHO 
Allied Electronics 
Boise 
TEL: (208) 331-1414 


FAI - Future Active Industrial 
Boise 
TEL: 1-800-767-8139 


Newark Electronics 
Boise 
TEL: (208) 342-4311 


ILLINOIS 
Harris Semiconductor 
* 1101 Perimeter Dr., Suite 600 
Schaumburg, IL 60173 
TEL: (847) 240-3480 
FAX: 847 619 1511 


*Field Application Assistance Available +Representatives 


L-TECH Marketing, Inc. 


+ 2414 Hwy. 94 South Outer Rd. 


Suite A 

St. Charles, MO 63303 
TEL: (314) 936-2007 
FAX: 314-936-1991 


Oasis Sales 

1101 Tonne Road 

Elk Grove Village, IL 60007 
TEL: (847) 640-1850 

FAX: 847 640 9432 


Allied Electronics 
Bensenville 
TEL: (630) 860-0007 


Grayslake 
TEL: (847) 548-9330 


Loves Park 
TEL: (815) 636-1010 


Oak Forest 
TEL: (708) 535-0038 


Arrow/Schweber 
Itasca 
TEL: (630) 250-0500 


Bell Microproducts 
Schaumburg 
TEL: 847-413-8530 


Future Electronics 
Chicago 
TEL: (847) 882-1255 


FAI - Future Active Industrial 
Chicago 

TEL: (847) 843-0034 
Hamilton Halimark 
Chicago 

TEL: (847) 797-7300 
Newark Electronics 
Rockford 

TEL: (815) 229-0225 
Springfield 

TEL: (217) 787-9972 
Schaumburg 

TEL: (708) 310-8980 


Willowbrook 
TEL: (708) 789-4780 


Wyle Electronics 
Addison 
TEL: (630) 620-0969 


Zeus, An Arrow Company 
Itasca 

TEL: (708) 250-0500 

TEL: (800) 52-HI-REL 


INDIANA 
Harris Semiconductor 
* 11590 N. Meridian St. 
Suite 100 
Carmel, IN 46032 
TEL: (317) 843-5180 
FAX: 317 843 5191 


+ 
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Glesting & Associates 


+ 370 Ridgepoint Dr. 


Carmel, IN 46032 
TEL: (317) 844-5222 
FAX: 317 844 5861 


Allied Electronics 
Carmel 
TEL: (317) 571-1880 


Arrow/Schweber 
Indianapolis 
TEL: (317) 299-2071 


EMC/Kent Electronics 
Indianapolis 
TEL: (317) 484-3050 


Future Electronics 
Indianapolis 
TEL: (317) 469-0447 


FAI - Future Active Industrial 
Indianapolis 

TEL: (317) 469-0441 
Hamilton Hallmark 

Carmel 

TEL: (317) 575-3500 


Newark Electronics 
Fort Wayne 
TEL: (219) 484-0766 


Indianapolis 

TEL: (317) 844-0047 
Wyle Electronics 
Indianapolis 

TEL: (317) 581-6152 


Zeus, An Arrow Company 
TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


IOWA 


Oasis Sales 


+ 4905 Lakeside Dr., NE 


Suite 203 

Cedar Rapids, IA 52402 
TEL: (319) 377-8738 
FAX: 319 377 8803 


Allied Electronics 
Cedar Rapids 
TEL: (319) 390-5730 


Newark Electronics 
Cedar Rapids 
TEL: (319) 393-3800 


West Des Moines 

TEL: (515) 222-0700 
Bettendorf 

TEL: (319) 359-3711 

Zeus, An Arrow Company 
TEL: (214) 380-4330 

TEL: (800) 52-HI-REL 


SALES OFFICES 


KANSAS 


L-TECH Marketing, Inc. 


+ 1 Kings Court, Suite 115 


New Century, KS 66031 
TEL: (913) 829-7884 
FAX: 913-829-7611 
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Allied Electronics 
Overland Park 
TEL: (913) 338-4372 


Arrow/Schweber 
Lenexa 
TEL: (913) 541-9542 


Future Electronics 
Overland Park 
TEL: (913) 649-1531 


FAI - Future Active Industrial 
Overland Park 
TEL: (913) 338-4400 


Hamilton Halimark 
Kansas City 
TEL: (913) 663-7900 


Newark Electronics 
Overland Park 
TEL: (913) 677-0727 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


KENTUCKY 
Giesting & Associates 
+ 339 Arrowhead Springs Lane 
Versailles, KY 40383 
TEL: (606) 873-2330 
FAX: 606 873 6233 
Newark Electronics 
Louisville 
TEL: (502) 423-0280 


LOUISIANA 
Allied Electronics 
St. Rose 
TEL: (504) 466-7575 


Newark Electronics 
Metairie 
TEL: (504) 838-9771 


MARYLAND 
New Era Sales, Inc. 
+ 890 Airport Pk. Rd, Suite 103 
Glen Burnie, MD 21061 
TEL: (410) 761-4100 
FAX: 410 761-2981 


Allied Electronics 
Columbia 
TEL: (410) 312-0810 


Arrow/Schweber 
Columbia 
TEL: (410) 309-0686 


Bell Microproducts 
Columbia 
TEL: 410-720-5100 


Future Electronics 
Columbia 
TEL: (410) 290-0600 


FAI - Future Active Industrial 
Columbia 
TEL: (410) 312-0833 


Hamilton Hallmark 
Columbia 
TEL: (410) 720-3400 


Newark Electronics 
Hanover 
TEL: (410) 712-6922 


Wyle Electronics 
Columbia 
TEL: (410) 312-4844 


Zeus, An Arrow Company 
TEL: (914) 937-7400 

TEL: (800) 52-HI-REL 
Columbia 

TEL: (410) 309-1541 

TEL: (800) 52-HI-REL 


MASSACHUSETTS 

Harris Semiconductor 

Six New England Executive Pk. 
Burlington, MA 01803 

TEL: (617) 221-1850 

FAX: 617 221 1866 


Advanced Tech Sales, Inc. 
+ 352 Park Street, Suite 102 

Park Place West 

N. Reading, MA 01864 

TEL: (508) 664-0888 

FAX: 508 664 5503 


Allied Electronics 
Norwood 
TEL: (617) 255-0361 


Peabody 
TEL: (508) 538-2401 


Arrow/Schweber 
Wilmington 

TEL: (508) 658-0900 
Bell Microproducts 
Billerica 

TEL: 508-667-2400 
TEL: 800-552-4305 


Future Electronics 
Boston 
TEL: (508) 779-3000 


FAI - Future Active Industrial 
Boston 
TEL: (508) 779-3111 


Gerber Electronics 
Norwood 
TEL: (617) 769-6000 


Hamilton Hallmark 
Peabody 
TEL: (508) 532-9893 


Newark Electronics 
Marlborough 
TEL: (508) 229-2200 


Woburn 
TEL: (617) 935-8350 


Wyle Electronics 
Bedford 
(617) 271-9953 


Zeus, An Arrow Company 
Wilmington, MA 

TEL: (508) 658-4776 

TEL: (800) HI-REL 


* 


Obsolete/Discontinued 


Products: 
Rochester Electronics 
10 Malcom Hoyt Drive 
Newburyport, MA 01950 
TEL: (508) 462-9332 
FAX: 508 462 9512 


MICHIGAN 
Harris Semiconductor 
* 27777 Franklin Rd., Suite 460 
Southfield, MI 48034 
TEL: (248) 746-0800 
FAX: 248 746 0516 


Giesting & Associates 
34441 Eight Mile Rd., Suite 
113 

Livonia, MI 48152 

TEL: (248) 478-8106 

FAX: 248 477 6908 


Allied Electronics 
Grand Rapids 
TEL: (616) 365-9960 


Plymouth 
TEL: (313) 416-9300 


Arrow/Schweber 
Livonia 

TEL: (313) 462-2290 
Future Electronics 
Detroit 

TEL: (313) 261-5270 


Grand Rapids 
TEL: (616) 698-6800 


FAI - Future Active Industrial 
Detroit 
TEL: (313) 513-0015 


Hamilton Halimark 
Plymouth 
TEL: (313) 416-5800 


Newark Electronics 
Grand Rapids 
TEL: (616) 954-6700 


Saginaw 
TEL: (517) 799-0480 


Oak Park 
TEL: (248) 967-0600 


Troy 
TEL: (248) 583-2899 


Zeus, An Arrow Company 
TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


MINNESOTA 
Oasis Sales 

+ Suite 100 
4620 West 77th Street 
Edina, MN 55435 
TEL: (612) 841-1088 
FAX: 612 841 1103 


Allied Electronics 
Minnetonka 
TEL: (612) 938-5633 


Ss 


Bell Microproducts 
Eden Prairaie 
TEL: 612-943-1122 


Future Electronics 
Minneapolis 

TEL: (612) 944-2200 
FAi - Future Active Industrial 
Minneapolis 

TEL: (612) 947-0909 
Hamilton Hallmark 
Minneapolis 

TEL: (612) 881-2600 
Newark Electronics 
Minneapolis 

TEL: (612) 331-6350 
St. Paul 

TEL: (612) 631-2683 


Wyle Electronics 
Minneapolis 

TEL: (612) 853-2280 
Zeus, An Arrow Company 
TEL: (214) 380-4330 

TEL: (800) 52-HI-REL 


MISSISSIPPI 
Newark Electronics 
Ridgeland 
TEL: (601) 956-3834 


MISSOURI 
L-TECH Marketing, Inc. 
+ 2414 Hwy. 94 South Outer Rd. 
Suite A 
St. Charles, MO 63303 
TEL: (314) 936-2007 
FAX: 314-936-1991 


Allied Electronics 
Earth City 
TEL: (314) 291-7031 


Arrow/Schweber 
St. Louis 
TEL: (314) 567-6888 


Future Electronics 
St. Louis 
TEL: (314) 469-6805 


FAI - Future Active Industrial 
St. Louis 
TEL: (314) 542-9922 


Hamilton Hallmark 
St. Louis 
TEL: (314) 291-5350 


Newark Electronics 
St. Louis 
TEL: (314) 453-9400 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


NEBRASKA 
L-TECH Marketing, Inc. 
+ 1 Kings Court, Suite 115 
New Century, KS 66031 
TEL: (913) 829-7884 
FAX: 913-829-7611 


*Field Application Assistance Available +Representatives August 25, 1997 
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Allied Electronics 
Omaha 
TEL: (402) 697-0038 


Newark Electronics 
Omaha 
TEL: (402) 592-2423 


NEVADA 
Allied Electronics 
Las Vegas 
TEL: (702) 258-1087 


Wyle Electronics 
Las Vegas 
TEL: (702) 898-6888 


NEW HAMPSHIRE 
Newark Electronics 
Nashua 
TEL: (603) 888-5790 


NEW JERSEY 
Harris Semiconductor 

* Plaza 1000 at Main Street 
Suite 104 
Voorhees, NJ 08043 
TEL: (609) 751-3425 
FAX: 609 751 5911 


Harris Semiconductor 
724 Route 202 

P.O. Box 591 
Somerville, NJ 08876 
TEL: (908) 685-6150 
FAX: 908 685-6140 


Tritek Sales, Inc. 

+ One Mall Dr., Suite 410 
Cherry Hill, NJ 08002 
TEL: (609) 667-0200 
FAX: 609 667 8741 


Allied Electronics 
E. Brunswick 
TEL: (908) 613-0828 


Mt. Laurel 
TEL: (609) 234-7769 


Parsippany 
TEL: (201) 428-3350 


Arrow/Schweber 
Marlton 
TEL: (609) 596-8000 


Pinebrook 
TEL: (201) 227-7880 


Bell Microproducts 
Clifton 
TEL: 201-777-4100 


Future Electronics 
Fairfield 
TEL: (201) 299-0400 


Marlton 
TEL: (609) 596-4080 


* 


FAI - Future Active Industrial 


Fairfield 
TEL: (201) 331-1133 


Marlton 
TEL: (609) 596-4080 


Hamilton Hallmark 
Mt. Laurel 
TEL: (609) 222-6400 


Parsippany 
TEL: (201) 515-1641 


Newark Electronics 
East Brunswick 
TEL: (908) 937-6600 


Wyle Electronics 
Pine Brook 
TEL: (201) 882-8358 


Mt. Laurel 
TEL: (609) 439-9110 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


NEW MEXICO 


Compass Mktg. & Sales, Inc. 


+ 4100 Osuna Rd., NE, 
Suite 109 
Albuquerque, NM 87109 
TEL: (505) 344-9990 
FAX: 505 345 4848 


Alliance Electronics, Inc. 
Albuquerque 
TEL: (505) 837-2801 


Allied Electronics 
Albuquerque 
TEL: (505) 266-7565 


Hamilton Hallmark 
Albuquerque 
TEL: (505) 293-5119 


Newark Electronics 
Albuquerque 
TEL: (505) 828-1878 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


NEW YORK 
Harris Semiconductor 

* Hampton Business Center 
1611 Rt. 9, Suite U3 
Wappingers Falls, NY 12590 
TEL: (914) 298-0413 
FAX: 914 298 0425 


Harris Semiconductor 

* 490 Wheeler Rd, Suite 165B 
Hauppauge, NY 11788-4365 
TEL: (516) 342-0291 Analog 
TEL: (516) 342-0292 Digital 
FAX: 516 342 0295 


Foster & Wager, Inc. 
+ 300 Main Street 
Vestal, NY 13850 
TEL: (607) 748-5963 
FAX: 607 748 5965 


2511 Browncroft Bivd. 
Rochester, NY 14625 
TEL: (716) 385-7744 
FAX: 716 586 1359 


*Field Application Assistance Available +Representatives 


“pf 
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7696 Mountain Ash 
Liverpool, NY 13090 
TEL: (315) 457-7954 
FAX: 315 457 7076 


Parallax, Inc. 

734 Walt Whitman Rd. 
Melville, NY 11747 
TEL: (516) 351-1000 
FAX: 516-351-1606 


Alliance Electronics, Inc. 
Huntington 
TEL: (516) 673-1930 


Allied Electronics 
Amherst 
TEL: (716) 831-8101 


Great Neck 
TEL: (516) 487-5211 


Hauppauge 
TEL: (516) 234-0485 


Lagrangeville 
TEL: (914) 452-1470 


Rochester 
TEL: (716) 292-1670 


Syracuse 
TEL: (315) 446-7411 


Arrow/Schweber 
Farmingdale 
TEL: (516) 293-6363 


Hauppauge 
TEL: (516) 231-1000 


Melville 

TEL: (516) 391-1276 
TEL: (516) 391-1300 
TEL: (516) 391-1633 


Rochester 
TEL: (716) 427-0300 


Bell Microproducts 
Smithtown 
TEL: 516-543-2000 


Future Electronics 
Hauppauge 
TEL: (516) 234-4000 


Rochester 
TEL: (716) 387-9550 


Syracuse 
TEL: (315) 451-2371 


FAI - Future Active Industrial 
Hauppauge 

TEL: (516) 348-3700 
Rochester 

TEL: (716) 387-9600 


Syracuse 
TEL: (315) 451-4405 


Hamilton Hallmark 
Long Island 
TEL: (516) 434-7400 


Hauppauge 
TEL: (516) 434-7470 


Rochester 
TEL: (716) 272-2740 


Newark Electronics 
Wappingers Falls 
TEL: (914) 298-2810 


Latham 
TEL: (518) 783-0983 


Bohemia 
TEL: (516) 567-4200 


Williamsville 
TEL: (716) 631-2311 


Pittsford 
TEL: (716) 381-4244 


Liverpool 
TEL: (315) 457-4873 


Wyle Electronics 
Long Island 
TEL: (516) 231-7850 


Rochester 
TEL: (716) 334-5970 


Zeus, An Arrow Company 
Pt. Chester 

TEL: (914) 937-7400 

TEL: (800) 52-HI-REL 


NORTH CAROLINA 


New Era Sales 


+ 1215 Jones Franklin Road 


Suite 201 

Raleigh, NC 27606 
TEL: (919) 859-4400 
FAX: 919 859 6167 


Allied Electronics 
Charlotte 
TEL: (704) 525-0300 


Raleigh 
TEL: (919) 876-5845 


Arrow/Schweber 
Raleigh 
TEL: (919) 876-3132 


EMC/Kent Electronics 
Charlotte 
TEL: (704) 394-6195 


Future Electronics 
Charlotte 
TEL: (704) 547-1107 


Raleigh 
TEL: (919) 790-7111 


FAI - Future Active Industrial 
Charlotte 
TEL: (704) 548-9503 


Raleigh 
TEL: (919) 876-0088 
Hamilton Hallmark 


Raleigh 
TEL: (919) 872-0712 
Newark Electronics 


Charlotte 
TEL: (704) 535-5650 


Greensboro 
TEL: (910) 294-2142 
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Raleigh 
TEL: (919) 781-7677 


Wyle Electronics 
Morrisville 
TEL: (919) 469-1502 


Raleigh 
TEL: (919) 481-3737 
TEL: 800-950-9953 


Zeus, An Arrow Company 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 


OHIO 


Giesting & Associates 


+ PO. Box 39398 


2854 Blue Rock Rd. 
Cincinnati, OH 45239 
TEL: (513) 385-1105 
FAX: 513 385 5069 


6324 Tamworth Ct. 
Columbus, OH 43017 
TEL: (614) 792-5900 
FAX: 614 792 6601 


6200 SOM Center Rd. 
Suite D-20 

Solon, OH 44139 
TEL: (216) 498-4644 
FAX: 216 498 4554 


Alliance Electronics, Inc. 
Dayton 
TEL: (937) 433-7700 


Allied Electronics 
Beachwood 
TEL: (216) 831-4900 


Cincinnati 
TEL: (513) 771-6990 


Worthington 
TEL: (614) 785-1270 


Arrow/Schweber 
Solon 
TEL: (216) 248-3990 


Centerville 
TEL: (937) 435-5563 


EMC/Kent Electronics 
Columbus 
TEL: (614) 299-4161 


Cleveland 
TEL: (216) 360-4646 


Future Electronics 
Cleveland 
TEL: (216) 449-6996 


Dayton 
TEL: (937) 426-0090 


FAI - Future Active Industrial 
Cleveland 
TEL: (216) 446-0061 


Dayton 
TEL: (937) 427-6090 
Hamilton Hallmark 


Cleveland 
TEL: (216) 498-1100 


Columbus 
TEL: (614) 888-3313 


Dayton 
TEL: (937) 439-6735 


Newark Electronics 
Cincinnati 
TEL: (513) 772-8181 


Columbus 
TEL: (614) 326-0352 


Dayton 
TEL: (513) 294-8980 


Toledo 
TEL: (419) 866-0404 


Youngstown 
TEL: (216) 793-6134 


Cleveland 
TEL: (216) 391-9330 


Wyle Electronics 
Cleveland 
TEL: (216) 248-9996 


Miamisburg 
TEL: (937) 436-9953 


Zeus, An Arrow Company 
TEL: (708) 595-9730 
TEL: (800) 52-HI-REL 


OKLAHOMA 


Nova Marketing 


+ 8421 East 61st Street, Suite P 


Tulsa, OK 74133-1928 
TEL: (800) 826-8557 
TEL: (918) 660-5105 
FAX: 918 357 1091 


Allied Electronics 
Tulsa 
TEL: (918) 250-4505 


Arrow/Schweber 
Tulsa 
TEL: (918) 252-7537 


FAI - Future Active Industrial 
Tulsa 
TEL: (918) 492-1500 


Hamilton Hallmark 
Tulsa 
TEL: (918) 459-6000 


Newark Electronics 
Oklahoma City 
TEL: (405) 843-3301 


Tulsa 

TEL: (918) 252-5070 

Zeus, An Arrow Company 
TEL: (214) 380-4330 

TEL: (800) 52-HI-REL 


OREGON 


Northwest Marketing Assoc. 


+ 4905 SW Griffith Drive 


Suite 106 

Beaverton, OR 97005 
TEL: (503) 644-4840 
FAX: 503 644-9519 


*Field Application Assistance Available +Representatives 


Allied Electronics 
Beaverton 
TEL: (503) 626-9921 


Almac/Arrow 
Beaverton 
TEL: (503) 629-8090 


Future Electronics 
Portland 
TEL: (503) 603-0956 


FAI - Future Active Industrial 


Portland 
TEL: (503) 603-0866 


Hamilton Hallmark 
Portland 
TEL: (503) 526-6200 


Newark Electronics 
Portland 
TEL: (503) 297-1984 


Wyle Electronics 
Portland 
TEL: (503) 598-9953 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


PENNSYLVANIA 
Glesting & Associates 

+ 471 Walnut Street 
Pittsburgh, PA 15238 
TEL: (412) 828-3553 
FAX: 412 828 6160 


Allied Electronics 
Chadds Ford 
TEL: (610) 388-8455 


Harrisburg 
TEL: (717) 540-7101 


Pittsburg 
TEL: (412) 931-2774 


Arrow/Schweber 

Pittsburgh 

TEL: (412) 327-1130 
800-529-0895 

Future Electronics 

Pittsburgh 

TEL: (412) 935-1113 


FAI - Future Active Industrial 


Pittsburgh 
TEL: (412) 935-9600 


Hamilton Hallmark 
Pittsburgh 
TEL: (800) 332-8638 


Newark Electronics 
Allentown 
TEL: (610) 434-7171 


Ft. Washington 

TEL: (215) 654-1434 
Pittsburgh 

TEL: (412) 788-4790 
Wyle Electronics 


Philadelphia 
TEL: (609) 439-9110 
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Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


SOUTH CAROLINA 
Allied Electronics 
Greenville 
TEL: (864) 288-8835 


Newark Electronics 
Greenville 
TEL: (803) 288-9610 


TENNESSEE 
Newark Electronics 
Knoxville 
TEL: (615) 588-6493 


Memphis 
TEL: (901) 396-7970 


Brentwood 
TEL: (615) 371-1341 


TEXAS 
Harris Semiconductor 
* 17000 Dallas Parkway, 
Suite 205 
Dallas, TX 76248 
TEL: (972) 733-0800 
FAX: 972 733 0819 


Nova Marketing 
+ 8310 Capitol of Texas Hwy. 
Suite 180 
Austin, TX 78731 
TEL: (512) 343-2321 
FAX: 512 343-2487 


8350 Meadow Rd., Suite 174 
Dallas, TX 75231 

TEL: (214) 265-4600 

FAX: 214 265 4668 


Corporate Atrium II, Suite 140 
10701 Corporate Dr. 

Stafford, TX 77477 

TEL: (281) 240-6082 

FAX: 281 240 6094 


Allied Electronics 
Austin 

TEL: (512) 219-7171 
Brownsville 

TEL: (210) 548-1129 
Dallas 

TEL: (214) 341-8444 
El Paso 

(915) 779-6294 


Fort Worth 
(817) 595-3500 


Forth Worth 

(817) 595-6455 
Humble 

(713) 446-8005 
Arrow/Schweber 
Austin 

TEL: (512) 835-4180 
Dallas 

TEL: (972) 380-6464 
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Houston 
TEL: (713) 647-6868 


Bell Microproducts 
Austin 
TEL: 512-258-0725 


Richardson 
TEL: 214-783-4191 


Future Electronics 
Austin 
TEL: (512) 502-0991 


Dallas 
TEL: (972) 437-2437 


Houston 
TEL: (713) 785-1155 


FAI - Future Active Industrial 
Austin 
TEL: (512) 346-6426 


Dallas 
TEL: (972) 231-7195 


El Paso 
TEL: (915) 595-1000 


Houston 
TEL: (713) 952-7088 


San Antonio 
TEL: 1-800-767-2133 


Hamilton Hallmark 
Austin 
TEL: (512) 258-8848 


Dallas 
TEL: (214) 553-4300 


Houston 
TEL: (713) 781-6100 


Newark Electronics 
Austin 

TEL: (512) 338-0287 
Corpus Christi 

TEL: (512) 857-5621 


El Paso 
TEL: (915) 772-6367 


Houston 
TEL: (713) 894-9334 


San Antonio 
TEL: (210) 734-7960 


Dallas 
TEL: (214) 458-2528 


Wyle Electronics 
Austin 
TEL: (512) 833-9953 


Houston 
TEL: (713) 784-9953 


Richardson 
TEL: (972) 235-9953 


Zeus, An Arrow Company 
Carrollton 

TEL: (214) 380-4330 

TEL: (800) 52-HI-REL 


UTAH 

Compass Mktg. & Sales, Inc. 
+ 5 Triad Center, Suite 320 

Salt Lake City, UT 84180 

TEL: (801) 322-0391 

FAX: 801 322-0392 


Allied Electronics 
Salt Lake City 
TEL: (801) 261-5244 


Arrow/Schweber 
Salt Lake City 
TEL: (801) 973-6913 


Bell Microproducts 
Centerville 
TEL: 801-295-3900 


Future Electronics 
Salt Lake City 
TEL: (801) 467-4448 


FAI - Future Active Industrial 
Salt Lake City 
TEL: (801) 467-9696 


Hamilton Hallmark 
Salt Lake City 
TEL: (801) 266-2022 


Newark Electronics 
Salt Lake City 
TEL: (801) 261-5660 


Wyle Electronics 
Draper (Telesales) 
TEL: (801) 523-2335 


Salt Lake City 
TEL: (801) 974-9953 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


VIRGINIA 
Allied Electronics 
Springfield 
TEL: (703) 644-9515 
Virginia Beach 
TEL: (804) 363-8662 


FAI - Future Active Industrial 
Charlottesville 
TEL: (804) 984-5022 


Newark Electronics 
Richmond 
TEL: (804) 282-5671 


Herndon 
TEL: (703) 707-9010 


WASHINGTON 

Northwest Marketing Assoc. 
+ 12835 Bel-Red Road 

Suite 330N 

Bellevue, WA 98005 

TEL: (206) 455-5846 

FAX: 206 451 1130 


Allied Electronics 
Renton 
TEL: (206) 251-0240 


*Field Application Assistance Available +Representatives 


Almac/Arrow 
Bellevue 
TEL: (206) 643-9992 


Future Electronics 
Seattle 
TEL: (206) 489-3400 


FAI - Future Active Industrial 
Seattle 
TEL: (206) 485-6616 


Hamilton Hallmark 
Seattle 
TEL: (206) 882-7000 


Newark Electronics 
Bellevue 
TEL: (206) 641-9800 


Spokane 
TEL: (509) 327-1935 


Wyle Electronics 
Seattle 
TEL: (206) 881-1150 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


WEST VIRGINIA 
Allied Electronics 
Charleston 
TEL: (304) 925-2487 


Newark Electronics 
Charleston 
TEL: (304) 345-3086 


WISCONSIN 
Oasis Sales 

+ 1305 N. Barker Rd. 
Brookfield, WI 53005 
TEL: (414) 782-6660 
FAX: 414 782 7921 


Allied Electronics 
New Berlin 
TEL: (414) 796-1280 


Arrow/Schweber 
Brookfield 
TEL: (414) 792-0150 


Future Electronics 
Milwaukee 
TEL: (414) 879-0244 


FAI - Future Active Industrial 
Milwaukee 
TEL: (414) 792-9778 


Hamilton Halimark 
Milwaukee 
TEL: (414) 513-1500 


Newark Electronics 
Madison 
TEL: (608) 278-0177 


Milwaukee 
TEL: (414) 453-9100 


Wyle Electronics 
Milwaukee 
TEL: (414) 879-0434 


Zeus, An Arrow Company 
TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 
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Harris Semiconductor 


Chip Distributors 
Chip Supply, Inc. 
7725 N. Orange Blossom Trail 
Orlando, FL 32810-2696 
TEL: (407) 298-7100 
FAX: (407) 290-0164 


Eimo Semiconductor Corp. 
7590 North Glenoaks Blvd. 
Burbank, CA 91504-1052 
TEL: (818) 768-7400 

FAX: (818) 767-7038 


Minco Technology Labs, Inc. 
1805 Rutherford Lane 

Austin, TX 78754 

TEL: (512) 834-2022 

FAX: (512) 837-6285 


Mexico 

Authorized Distributor 
Future Electronics De Mexico 
S.A. de C.V. 
Prol. Americas 1600 
Chimalhuacan 3369 5TO 
PISCO-8, C.D. Del Sol 
Zapopan, Jalisco 45050 
TEL: (913) 678-9281 
FAX: 913 678-9271 


Puerto Rican 

Authorized Distributor 
Hamilton Hallmark 
Suite 318 
S1 Mariolga Luis Munoz-Marin 
Caguas, Puerto Rico 00725 
TEL: (800) 327-8950 


Future Electronics 

Urb. Belmonte, Galicia #45 
Mayaguez, Puerto Rico 00680 
TEL: (787) 833-6267 

FAX: (787) 833-6267 


South American 
Authorized Distributor 
Graftec Electronic Sales Inc. 
One Boca Place, Suite 305 East 
2255 Glades Road 
Boca Raton, Florida 33431 
TEL: (561) 994-0933 
FAX: 561 994-5518 


BRAZIL 
Future Electronics DO 
Brasil LTDA 
Rua Luzitant 
740 10 Andar cj 013-104 
13-015-121 Campinas SP 
Brazil 
TEL: 55-19-232-7052 
FAX: 55-19-236-9834 
Graftec Brasil Ltda. 
Rua Baronesa de Itu, 
336 cj. 51/52 Sao Paulo - SP 
CEP: 01231-000 
TEL: 55-11-826-1666 
FAX: 55-11-826-6526 
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SALES OFFICES 


North American Authorized Distributors and Corporate Offices 


Hamilton Hallmark and Zeus are the only authorized North American distributors for stocking and sale of Harris Rad Hard Space products. 


Alliance Electronics 

(SDB Status) 

7550 E. Redfield Rd. 

Scottsdale, AZ 85260 

TEL: (602) 483-9400 
(800) 608-9494 

FAX: (602) 443 3898 


Allied Electronics 
7410 Pebble Dr. 

Ft. Worth, TX 76118 
TEL: (800) 433-5700 


Anthem Canada 

300 North Rivermede Rad. 
Concord, Ontario 
Canada L4K 3N6 

TEL: (416) 798-4884 
FAX: 416 798 4889 


Arrow/Schweber 
Electronics 

25 Hub Dr. 

Melville, NY 11747 
TEL: (800) 777-2776 


Bell Microproducts 
1941 Ringwood Avenue 
San Jose, CA 95131 
TEL: (408) 451-9400 
TEL: (800) 995-1999 
FAX: (408) 451-1600 


EMC/Kent Electronics 
7433 Harwin Drive 
Houston, TX 77036 
TEL: (713) 780-7770 
FAX: (713) 978-5864 


Future Electronics 

237 Hymus Blvd. 

Pointe Claire, Quebec 
Canada, H9R 5C7 

TEL: (514) 694-7710 

TEL: (800) FUTURE-1 x2255 
FAX: (514) 695-3707 


FAI - Future Active Industrial 
237 Hymus Bivd. 

Pointe Claire, Quebec 
Canada, H9R 5C7 

TEL: (800) RING-FAI 


Gerber Electronics 

128 Carnegie Row 
Norwood, MA 02062 

TEL: (617) 769-6000, x156 
FAX: 617 762 8931 


Hamilton Hallmark 

Avnet OMG 

9800 La Cienega Blvd. 
Inglewood, CA 90301-4417 
TEL: (310) 665-2600 

FAX: (310) 665-2609 (Military) 
FAX: (602) 736-7979 
(Commercial) 


Newark Electronics 
4801 N. Ravenswood 
Chicago, IL 60640 
TEL: (773) 784-5100 
(800) 463-9275 
FAX: 773 275-9596 


Wyle Electronics 
3000 Bowers Avenue 
Santa Clara, CA 95051 
TEL: (800) 414-4144 
FAX: 801 226-0210 


Zeus Electronics, 

An Arrow Company 
2900 Westchester Avenue 
Purchase, NY 10577 
TEL: (800) 524-4735 


Obsolete/Discontinued 
Products: 


Rochester Electronics 
10 Malcom Hoyt Drive 
Newburyport, MA 01950 
TEL: (508) 462-9332 
FAX: 508 462 9512 


European Sales Offices, Representatives and Authorized Distributors 


European Sales 
Headquarters 
Harris Semiconductor 
Mercure Center 
Rue de la Fusee 100 
B-1130 Brussels 
Belgium 
TEL: 32:2 72421 11 
FAX: 32 2 724 2205/...09 


AUSTRIA 
Avnet EMG 
Waidhausenstrasse 19 
A- 1140 Vienna 
TEL: 43 1 911 28 47 
FAX: 43 1911 38 53 


EBV Elektronik 

* Diefenbachgasse 35 
A- 1150 Vienna 
TEL: 43 1 89 41 774 
FAX: 43 1 89 41 775 


Spoerle Electronic 
Heiligenstadterasse 50-52 
A- 1190 Vienna 

TEL: 43 1 360 46-0 

FAX: 43 1 369 22 73 


BELGIUM 
ACAL 
Lozenberg 4 
B - 1932 Zaventem 
TEL: 32 2 720 59 83 
FAX: 32 2 725 10 14 


EBV Elektronik 
Excelsiorlaan 35B 

B - 1930 Zaventem 
TEL: 32 2 716 00 10 
FAX: 32 2 720 81 52 


Spoerle Electronic 
Keiberg Il 
Minervastraat, 14/B2 
B-1930 Zaventem 
TEL: 32 2 725 46 60 
FAX: 32 2 725 45 11 


DENMARK 
Arrow 
Borgergade 43 
DK - 9620 Aalestrup 
TEL: 45 98 64 11 11 
FAX: 45 98 64 21 11 


* 


* 


tt 


*Field Application Assistance Available +Representatives 


18-8 


Arrow 

Mileparken 20E 
DK-2740 Skoviunde 
TEL: 45 4492 7000 
FAX: 45 4492 6020 


Avnet Nortec 
Transformervej, 17 
DK - 2730 Herlev 
TEL: 45 4488 0800 
FAX: 45 4488 0888 


EBV Elektronik 
Ved Lunden 9 

DK - 8230 Abyhoj 
TEL: 45 86 25 04 66 
FAX: 45 86 25 06 60 


EBV Elecktronik 
Gladsaxevej 370 

DK - 2860 Soborg 
TEL: 45 39 69 05 11 
FAX: 45 39 69 05 04 


FARRIS 


SEMICONDUCTOR 


independent Electronic 
Components 

Bernhard Bangs Alle’ 39 
DK-2000 Frederiksberg 
TEL: 45 38 10 2925 
FAX: 45 38 10 2926 


EASTERN COUNTRIES 


GRADER Friedhelm 
Richard-Reitzner-Allee 4 
G-85540 Haar 

Germany 

TEL: 49 89 462 63 110 
FAX: 49 89 462 63 149 


EBV Elektronik 

V Holesovickach 29 

CZ - 182 00 Praha 8 

Czechoslovakia 

TEL: 42 2 900 22 101 
42 2 900 22 102 

FAX: 42 2 688 90 78 


EBV Elektronik 

Ul. Odrzanska 24-29 / 11 
PL - 50-114 Woclaw 
Poland 

TEL: 48 71 34 229 44 
FAX: 48 71 34 229 10 
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European Sales Offices, Representatives and Authorized Distributors (continued) 


EBV Elektronik 
Dunajska c.22 

SI - 1511 Ljubljana 
TEL: 386 61 133 02 16 
FAX: 386 61 133 04 57 


Spoerle Electronic 
Charkovska 24 
CZ-10100 Praha 10 
Czechoslovakia 
TEL: 42 2 73 13 54 
FAX: 42 2 73 13 55 


Spoerle Elektronic 
ul. Domaniewska 41 
PL-02672 Warszawa 
Poland 

TEL: 48 22 60 60 447 
FAX: 48 22 60 60 348 


FINLAND 
Arrow 
Niittylantie 5 
FIN-00620 Helsinki 
TEL: 358 9 777 571 
FAX: 358 9 798 853 


Avnet Nortec OY 
Italahdenkatu, 18 
FIN-00210 Helsinki 
TEL: 358 9 61 31 81 
FAX: 358 9 69 22 326 


EBV Electronik 
Pihatorma 1A 

FIN - 02240, Espoo 
TEL: 358 9 855 7730 
FAX: 358 9 855 0450 


Harcomp Electronics OY 
Syvalahdentie 79 

SF - 51200 Kangasniemi 
TEL: 358 59 432031 

FAX: 358 59 432367 


FRANCE 

Harris Semiconducteurs 
2-4, Avenue de I'Europe 

F - 78941 Velizy Cedex 
TEL: 33 1 34 65 40 80 (Disty) 
TEL: 33 1 34 65 40 00 (Sales) 

FAX: 33 1 39 46 40 54 (Sales, Finan) 
FAX: 33 1 34 65 09 78 (Sales) 


Arrow Electronique 

73 - 79, Rue des Solets 
Silic 585 

F - 94663 Rungis Cedex 
TEL: 33 1 49 78 49 78 
FAX: 33 1 49 78 06 99 


Avnet EMG 

79, Rue Pierre Semard 

P.B. 90 

F-92322 Chatillon Sous Bagneux 
TEL: 33 1 49 65 27 00 

FAX: 33 1 49 65 25 39 


CCI Electronique 

12, Allee de la Vierge 
Silic 577 

F - 94653 Rungis 
TEL: 33 1 41 80 70 00 
FAX: 33 1 46 75 32 07 


* 


* 


co 


*Field Application Assistance Available 


EBV Elektronik 

3 rue del la Renaissance 
92184 Antony cedex 
TEL: (33) 1 40 96 30 00 
FAX: (33) 1 40 96 30 30 


SEI France 

Z.|. des Glaises 

6/8 Rue Ambroise Croizat 
F - 91127 Palaiseau 

TEL: 33 1 64 47 29 29 
FAX: 33 1 64 47 00 84 


GERMANY 
Harris Semiconductor 
* Richard-Reitzner-Allee 4 
D-85540 Haar 
TEL: 49 89 462 63 0 
FAX: 49 89 462 63 133 


Harris Semiconductor 
Kieler Strasse 55-59 
D-25451 Quickborn 
TEL: 49 4106 50 02-04 
FAX: 49 4106 6 88 50 


Harris Semiconductor 
Kolumbusstrasse 35/1 
D - 71063 Sindelfingen 
TEL: 49 7031 8 69 40 
FAX: 49 7031 87 38 49 


Ecker Michelstadt 

In den Dorfwiesen 2A 
Postfach 33 44 

D - 64720 Michelstaat 
TEL: 49 6061 22 33 
FAX: 49 6061 50 39 


Erwin W. Hildebrandt 
Nieresch 32 

D - 48301 Nottuln-Darup 
TEL: 49 2502 2300 30 
FAX: 49 2502 2300 18 
GSM: 49 71 644 89 45 


FINK Handelsvertretung 
Laurinweg, 1 

D - 85521 Ottobrunn 
TEL: 49 89 609 7004 
FAX: 49 89 609 8170 


Hans Flogel 
Kielerstrasse 31b 
D-25451 Quickborn 
TEL: 49 4106 50502 07 
FAX: 49 4106 68850 


Hartmut Welte 
Traubenweg 7 

D - 88048 Friedrichshafen 
TEL: 49 7544 72555 

FAX: 49 7544 72559 


Avnet EMG 
Stahigruberring, 12 

D - 81829 Munchen 
TEL: 49 89 4511001 
FAX: 49 89 45110129 


* 


+Representatives 


EBV Elektronik 

* Ammerthalstrasse 28 
D-85551 Kirchheim- 
Heimstetten 
TEL: 49 89 99 11 40 
FAX: 49 89 99 11 44 22 


Indeg Industrie Elektronik 
Emil K6mmerling Strasse 5 
D - 66954 Pirmasens 
Postfach 1563 

D - 66924 Pirmasens 

TEL: 49 6331 51700 

FAX: 49 6331 9 40 64 


Sasco Semiconductor GmbH 
Hermann-Oberth Strasse 16 
D - 85640 Putzbrunn 

TEL: 49 89 46 11-0 

FAX: 49 89 46 11-270 


Spoerle Electronic 
Max-Planck Strasse 1-3 
D - 63303 Dreieich-bei- 
Frankfurt 

TEL: 49 6103 304-8 
FAX: 49 6103 3044 55 


GREECE 
EBV Electronik 
Anaxagora Street 1 
GR-17778 Travros (Athens) 
TEL: 30 1 34 14 300 
FAX: 30 1 34 14 304 


Semicon 

104 Aeolou Street 
GR - 10564 Athens 
TEL: 30 1 32 53 626 
FAX: 30 1 32 16 063 


ISRAEL 
Aviv Electronics 
Hayetzira Street, 4 Ind. Zone 
IS - 43651 Ra’anana 
PO Box 2433 
IS - 43100 Ra’anana 
TEL: 972 9 748 3232 
FAX: 972 9 741 6510 


ITALY 
Harris Semiconductor 

* Viale Fulvio Testi, 126 
I-20092 Cinisello Balsamo, 
(Milan) 
TEL: 39 2 262 22 21 31 (italy) 
TEL: 39 2 262 07 61 (Rose) 
FAX: 39 2 262 22 158 (Rose) 


Avnet EMG 

Centro Direzionale 
Via Novara, 570 

| - 20153 Milano 

TEL: 39 2 38 19 01 
FAX: 39 2 38 00 29 88 


Claitron 

Viale Fulvio Testi, 280 

I - 20092 Cinisello Balsamo 
TEL: 39 2 661 491 

FAX: 39 2 661 046 66 


* 


* 
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EBV Elektronik 

Via C. Frova, 34 

I - 20092 Cinisello Balsamo 
TEL: 39 2 660 96 290 
FAX: 39 2 660 170 20 


FG Microdesign 

Via A. Simoni 5 

l-4001 Anzola Dell’Emilia 
TEL: 39 51 73 20 95 
FAX: 39 51 73 2491 


Lasi Elettronica 
Viale Fulvio Testi 280 
I - 20126 Milano 
TEL: 39 2 661 431 
FAX: 39 2 661 01385 


Silverstar CELDIS 
Viale Fulvio Testi 280 
I - 20126 Milano 
TEL: 39 2 661 251 
FAX: 39 2 661 013 59 


NETHERLANDS 


* 


* 


* 


NORWAY 


Acal 

Beatrix de Rijkweg, 8 

NL - 5657 EG Eindhoven 
TEL: 31 40 250 2602 
FAX: 31 40 251 0255 


EBV Elektronik 
Planetenbaan, 116 
NL - 3606 AK 
Maarssenbroek 

TEL: 31 346 58 30 10 
FAX: 31 346 58 30 25 


Spoerle Electronic 
Coltbaan 17 

NL - 3439 NG 
Nieuwegein 

(Utrecht) 

TEL: 31 30 609 1234 
FAX: 31 30 603 5924 


Spoerle Electronic 
Postbus 7139 

De Run 1120 

NL - 5605 JC Eindhoven 
TEL: 31 40 230 99 99 
FAX: 31 40 253 5540 


Arrow 

Sagveien 17 

P.O. Box 4554 
Torshov 

N-0404 Oslo 

TEL: 47 22 37 84 40 
FAX: 47 22 37 07 20 


Avnet Nortec A/S 
Box 123 

N - 1364 Hvalstad 
TEL: 47 66 84 62 10 
FAX: 47 66 84 65 45 


EBV Elektronik 
Ryensvingen 3B 

N - 0680 Oslo 

TEL: 47 22 67 17 80 
FAX: 47 22 67 17 89 


SALES OFFICES 
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European Sales Offices, Representatives and Authorized Distributors (Continued) 


PORTUGAL 


Amitron-Arrow 

Quinta Grande, Lote 20 
Alfragide 

P - 2700 Amadora 
TEL: 351.1.471 48 06 
FAX: 351.1.471 08 02 


SOUTH AFRICA 


Allied Electronic 
Components 

10, Skietlood Street 
Isando, Ext. 3, 1600 

P.O. Box 69 

Isando, 1600 

Transvaal 

TEL: 27 11 392 3804/. . .19 
FAX: 27 11 974 9625 

FAX: 27 11 974 9683 


SPAIN 


* 


Elcos 

c/Avda Europa, 30 1 B-A 
SP 28224 Pozuelo de 
Alarcon/Madrid 

TEL: 34 1 352 3052 
FAX: 34 1 352 1147 


Amitron-Arrow 
Albasanz, 75 

SP - 28037 Madrid 
TEL: 34 1 304 30 40 
FAX:34 1 327 24 72 


EBV Elektronik 

Centro Empresarial Euronova 
Ronda de Poniente, 

4 Ala Derecha 

1A Planta, Officina A 

SP - 28760 Tres Cantos 
Madrid 

TEL: 34 1 8 04 32 56 

FAX: 34 1 8 04 41 03 


SWEDEN 


Harris Semiconductor 
Dalvagen 12 

S - 169 56 Soina 

TEL: 46 8270 660 

FAX: 46 8270 656 


Arrow 

Box 3027 
Arrendevagen 36 

S - 16303 Spanga 
TEL: 46 8 36 29 70 
FAX: 46 8 761 30 65 


Avnet Nortec AB 
Englundavagen 7 
P.O. Box 1830 

S - 171 27 Solna 
TEL: 46 8 629 1400 
FAX: 46 8 627 0280 


EBV Elektronik 
Derbyvagen 20 

S - 21235 Malmé 
TEL: 46 40 59 21 00 
FAX: 46 40 59 21 01 


SWITZERLAND 


Avnet EMG 
Boehirainstrasse 11 
CH - 8801 Thalwil 
TEL: 41 1 7221330 
FAX: 41 1 7221340 


Basix 
Hardturmstrasse 181 
CH - 8010 Zurich 
TEL: 41 12 76 11 11 
FAX: 41 1 2761234 


EBV Elektronik 
Bernstrasse 394 

CH - 8953 Dietikon 
TEL: 41 1 745 61 61 
FAX: 41 1 745 61 00 


Spoerle Electronic 
Cherstrasse 4 

CH-8152 Opfikon-Glattbrugg 
TEL: 41 1 874 6262 

FAX: 41 1 874 6200 


TURKEY 


EBV Electronik 

Bayar Cad. Gulbahar Sok No 17 
Perdemsac Plaza D:131-132 
TK-81090 Kazyatagl/Istanbul 
TEL: 90 216 463 1352/3 

FAX: 90 216 463 1355 


*Field Application Assistance Available +Representatives 
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EMPA 

Besyol Londra Asfalti 

TK - 34630 Sefakoy/Istanbul 
TEL: 90 212 599 3050 

FAX: 90 212 599 3059 


UNITED KINGDOM 


» 


Harris Semiconductor 
Riverside Way 
Watchmoor Park 
Camberley 

Surrey GU15 3YQ 
TEL: 44 1276 686 886 
FAX: 44 1276 682 323 


Laser Electronics Ltd. 
Ballynamoney 
Greenore 

Co. Louth, Ireland 

TEL: 353 4273165 
FAX: 353 4273518 
GSM: 353 88 55 12 67 
Complementary Technologies 
Comtech House 

28 Manchester Road 
Westhoughton 

Bolton 

Lancs, BL5 3QJ 

TEL: 44 1942 851 800 
FAX: 44 1942 851 808 


Stuart Electronics 
Phoenix House 
Bothwell Road 
Castlehill, Carluke 
Lanarkshire ML8 5UF 
TEL: 44 1555 751572 
FAX: 44 1555 750028 


Arrow Jermyn 

St Martins Business Centre 
Cambridge Road 

Bedford MK42 OLF 

TEL: 44 1234 270027 

FAX: 44 1234 214674 


Avnet Access 

Jubilee House 

Jubilee Road 
Letchworth 
Hertfordshire SG6 1QH 
TEL: 44 1462 480888 
FAX: 44 1462 488567 


EBV Elektronik 

EBV House 

7 Frascati Way, Maidenhead 
Berkshire SL6 4UY 

TEL: 44 1628 783 688 

FAX: 44 1628 783 811 


Electronic Services 
Edinburgh Way., Harlow 
Essex CM20 2DF 

TEL: 44 1279 626777 
FAX: 44 1279 441687 


Farnell Components 
Sales, Mktg & Admin Center 
Canal Road, Armley 

Leeds LS12 2TU 

TEL: 44 1132 790101 

FAX: 44 1132 311706 


IEC Micromark Electronics 
Boyn Valley Road 
Maidenhead 

Berkshire SL6 4DT 

TEL: 44 1628 76176 

FAX: 44 1628 783799 


Hollybank 

13 Burn Bridge Oval 

Burn Bridge, Harrogate 
North Yorkshire, HG3 1LR 
TEL: 44 423 871553 


Harris Semiconductor 


Chip Distributors 
Die Technology 
Corbrook Rd., Chadderton 
Lancashire OL9 9SD 
TEL: 44 161 626 3827 
FAX: 44 161 627 4321 
TWX: 668570 


Rood Technology 

Test House Mill Lane, Alton 
Hampshire GU34 2QG 
TEL: 44 1420 88022 

FAX: 44 1420 87259 

TWX: 21137 
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Asian Pacific Sales Offices, Representatives and Authorized Distributors 


AUSTRALIA 
Avnet VSI Electronics Pty Ltd. 
Unit C 6-8 Lyon Park Road 
North Ryde NSW 2113 
TEL: (612) 9 878-1299 
FAX: (612) 9 878-1266 


BBS Electronics Australia 
Unit 24, 5-7 Anella Avenue, 
Castle Hill, NSW, 2154 

PO Box 6686 

Baulkham Hills, NSW, 2153 
TEL: 612-9-8945244 
FAX:612-9-8945266 


CHINA/HONG KONG 

Harris Semiconductor 

China Ltd 

Room 3005 88 Tong Ren Road 
Shanghai, 20040 China 

TEL: 86-21-6247-7923 

FAX: 86-21-6247-7926 


Harris Semiconductor 
China Limited-Beijing Office 
Room 4C, Fourth Floor, 

Guo Men Building 

1 Zuo Jia Zhuang, Chao Yang 
District 

Beijing, P.R. China 

Zip Code 100028 

TEL: 86-10-6460-6850 

FAX: 86-10-6460-9262 


Harris Semiconductor 
China Ltd. 

Unit 1801-2, 18th Floor 
83 Austin Road 
Tsimshatsui, Kowloon 
TEL: (852) 2723-6339 
FAX: (852) 2724-4369 


Edal Electronics Co., Ltd. 
Room 911-913, Chevalier 
Commercial Centre, 

8, Wang Hoi Road, 
Kowloon Bay, Kowloon 
TEL: (852) 2305-3863 
FAX: (852) 2759-8225 


Golden Way Electronics 
(HK) Ltd. 

Unit 11, 33/F 

Wharf Cable Towers 

9 Hoi Shing Road, 

N.T. Hong Kong 

TEL: (852) 2499-3109 
FAX: (852) 2417-0961 


Lucas Trading 

Unit A, 8F 

88 Hung To Road, Kwun Tong 
Kowloon, Hong Kong 

TEL: 852-3044023 

FAX: 852-3040065 


Means Come Ltd. 

Room 1007, Harbour Centre 
8 Hok Cheung Street 

Hung Hom, Kowloon 

TEL: (852) 2334-8188 

FAX: (852) 2334-8649 


* 


* 


Sunnice Electronics Co., Ltd. 
Flat F, 5/F, Everest Ind. Cir. 
396 Kwun Tong Road 
Kowloon 

TEL: (852) 2790-8073 

FAX: (852) 2763-5477 


Array Electronics Limited 
24/F Wyler Centre, Phase 2 
200 Tai Lin Pai Road 

Kwai Chung 

New Territories, Hong Kong 
TEL: (852) 2418-3700 

FAX: (852) 2481-5872 


Inchcape Industrial 

10/F, Tower 2, Metroplaza 
223 Hing Fong Road, 

Kwai Fong 

New Territories, Hong Kong 
TEL: 852-2410-6555 

FAX: 852-2401-2497 


INDIA 
Intersil Private Limited 
Plot 54, SEEPZ 
Marol Industrial Area 
Andheri (E) Bombay 400 096 
TEL: (91) 22-832-3097 
FAX: (91) 22-836-6682 


Graftec Elec 

49 J.C. Road 
Bangalore 560002 
TEL: (91) 80 223 3346 
FAX: (91) 80 222 6490 


Graftec India 

No 143 Lakshmi Building 
R.V. Road, V.V. Puram 
Bangalore 560004 
Karnataka 

TEL: (91) 80-661 1095 
FAX: (91) 80-222 6490 


BBS Electronics (India) Pvt Ltd 
309 Richmond Tower 

No 12, Richmond Road 
Bangalore 560025 

TEL: (91) 80-221-7912 

FAX: (91) 80-227 8043 


S M Creative Electronics Ltd 
10 Electronic City 
Sector 18, Gurgaon 122015 
Haryana 
TEL: 91 124 342 137/237/1551 
FAX: 91 124 236 or 

91 11 622 8474 


INDONESIA 
P.T. Silicontama Jaya 
Jalan A.M. Sangaji No 15 B4 
Jakarta Pusat 
TEL: (62) 21-345 4050 
FAX: (62) 21-345 4427 


tt 


*Field Application Assistance Available +Representatives 


SELC Sumber Elektronic 
JL Jend A Yani #298, 
Bandung 40271 

TEL: (62) 22-706-056 
FAX: (62) 22-703-622 


JAPAN 
Harris K.K. 

* Kojimachi-Nakata Bldg. 4F 
5-3-5 Kojimachi 
Chiyoda-ku, Tokyo, 102 Japan 
TEL: (81) 3-3265-7571 
FAX: (81) 3-3265-7575 


Hakuto Co., Ltd. 

1-1-13 Shinjuku Shinjuku-ku 
Tokyo 160 

TEL: 81-3-3355-7615 

FAX: 81-3-3355-7680 


Jepico Corp. 

Shinjuku Daiichi Seimei Bldg. 
2-7-1, Nishi-Shinjuku 
Shinjuku-ku, Tokyo 163 

TEL: 81 3-3348-0611 

FAX: 81 3-3348-0623 


Macnica Inc. 

Hakusan High Tech Park 
1-22-2, Hakusan 
Midori-ku, Yokohama-shi, 
Kanagawa 226 

TEL: 81 45-939-6116 
FAX: 81 45-939-6117 


Micron, Inc. 

DJK Kouenji Bldg. 5F 
4-26-16, Kouenji-Minami 
Suginami-Ku, Tokyo 166 
TEL: 81-3-3317-9911 
FAX: 81-3-3317-9917 


Okura Electronics Co., Ltd. 
Okura Shoji Bidg. 

2-3-6, Ginza Chuo-ku, 

Tokyo 104 

TEL: 81 3-3564-6822 

FAX: 81 3-3564-6870 


Takachiho 

2-8, 1 Chrome, Yotsuya 
Shinjuki-Ku, Tokyo 

160 Japan 

TEL: 81 3-3355-6695 
FAX: 81 3-3357-5071 


Takumi Shoji Co 

3 Maruzen Bid, 6F 
6-16-6 Nishi Shinjuku, 
Shinjuku-Ku, Tokyo 160 
TEL: 813-3343-9605 
FAX: 813-3343-9624 
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Continental Far East Inc. 
3-1-5 Azabudai 

Minatoki, Tokyo 106 

TEL: 81-3-3584-0339 
FAX: 81-3-3588-0930 


Mitsuiwa Shoji Co., Ltd. 
Namikibashi Bldg. 
3-15-8 Shibuya 
Shibuya-Ku, Toyko 150 
TEL: 81 3-3407-2181 
FAX: 81 3-3407-1472 


Nissei Electronics Ltd. 
Hitachi Atago Bldg. 
2-15-12 Nishi-Shimbashi 
Minato-Ku, Tokyo 105 
TEL: 81 3-3504-7921 
FAX: 81 3-3504-7900 


KOREA 


» 


Harris Semiconductor YH 
RM #419-1 

Korea Air Terminal Bldg. 
159-6, Sam Sung-Dong, 
Kang Nam-ku, Seoul 
135-728, Korea 

TEL: 82-2-551-0931 

FAX: 82-2-551-0930 


H.B. Corporation 

Rm #1409, 

Seocho World Officetel, 
1355-3, Seocho-Dong, 
Seocho-Ku, Seoul 137-020 
TEL: 82-2-3472-3450 

FAX: 82-2-3472-3458 


Graftec Korea 

Room #611, Yongsan 
Electronic Offetel, 16-548 
3-Ga Hankang-Ro, 
Youngsan-Gu, Seoul 
TEL: 822-715-8857 

FAX: 822-715-8859 


inhwa Company, Ltd. 

Room #305, Daegyo Bldg., 56-4, 
Wonhyoro 3GA, 

Young San-Ku, Seoul 140-113 
TEL: 822-703-7231 

FAX: 822-703-8711 


Kumoh Electric Co., Ltd. 
203-1, Yoido-Dong, 
Young Duing Po-Ku, Seoul 
TEL: 822-782-9393 
FAX: 822-782-9388 


Segyung Techcell Co., Ltd. 
Dansan Nonhyun Bidg., 270-45 
Nonhyun-Dong, 

Kangnam-Ku, Seoul 135-010 
TEL: 822-515-7477 

FAX: 822-515-8889 


SALES OFFICES 


MALAYSIA 


BBS Electronics (M) Sdn Bhd 
Lot 2-01, Wisma Denko 

41, Lorong Adu Siti 

10400 Penang 

TEL: (604) 228 0433 

FAX: (604) 228 1710 


September 9, 1997 


NEW ZEALAND 
Arrow Components (NZ) 
Limited 
19 Pretoria Street 
PO Box 31186 
Lower Hut 
TEL: (64) 4 570 2260 
FAX: (64) 4 566 2111 


PHILIPPINES 
Uraco Technologies 
Philippines Inc. 
Unit 310 Project Condo Bidg., 
12 J.P. Rizal St., Proj, 4 
Quezon City, Phillippines 
TEL: (632) 913-8830 
TEL: (623) 913-8847 
TEL: (623) 913-8843 
FAX: (632) 913-8838 


SINGAPORE 


Harris Semiconductor Pte Ltd. 


* 


#1, Tannery Road 09-01 
Cencon 1, Singapore 347719 
TEL: 65-748-4200 

FAX: 65-748-0400 


BBS Electronics Pte, Ltd. 
1 Genting Link 

#05-03 Perfect Indust. Bidg. 
Singapore 1334 

TEL: (65) 748-8400 

FAX: (65) 748-8466 


TAIWAN 
Harris Semiconductor 
* 7F-6, No. 101 Fu Hsing North 
Road 
Taipei, Taiwan 
TEL: 886-2-716-9310 
TEL: 886-2-545-4677 
FAX: 886-2-715-3029 


Applied Component Tech. 
Corp. 

8F No. 233-1, Pao-Chia Road 
Hsin Tien City, Taipei Hsien, 
Taiwan, R.O.C. 

TEL: (886) 2 9170858 

FAX: (886) 2 9171895 


Asian Pacific Sales Offices, Representatives and Authorized Distributors (continued) 


Galaxy Far East Corporation 
8F-6, No. 390, Sec. 1 

Fu Hsing South Road 

Taipei, Taiwan 

TEL: (886) 2-705-7266 

FAX: (886) 2-708-7901 

TECO Enterprise Co., Ltd. 
10FL., No. 292, Min-Sheng W. 
Rd. 

Taipei, Taiwan 

TEL: (886) 2-555-9676 

FAX: (886) 2-558-6006 


THAILAND 


Electronics Source Co., Ltd. 
138 Banmoh Rd. 

Pranakorn, Bangkok 10200 
TEL: 66-2-2264145 

FAX: 66-2-2254985 


Have you tried Harris’ AnswerFAX 24-Hour On-Demand Product Information Service? 
(407) 724-7800 


GIVE US A CALL .. 


SEE US ON THE NET.. 


. Harris’ toll-free number is 1-800-4-HARRIS (1-800-442-7747). You can request literature, 
get information on sales locations, or be connected to our Central Applications Group. 


. Harris’ home page is http:/www.semi.harris.com or E-mail our Central Applications 


Group at centapp@harris.com for Technical Assistance. You'll find product information, design software, 
information on what’s new and much, much more. There are over 1,000 documents (datasheets, application 


notes, etc.) loaded with an easy-to-use search engine. 


Ss 
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For complete, current and detailed technical specifications on any Harris devices, please contact the nearest 
Harris sales, representative or distributor office. Literature requests may also be directed to: 


Harris Semiconductor Data Services Department 
P.O. Box 883, MS 53-204 
Melbourne, FL 32902 
TEL: 1-800-442-7747 FAX: 407-724-7240 


“Field Application Assistance Available +Representatives 
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~ We're Backing You Up with Products, Sunnort, and Solutions! 


Signal Processing 


Power Products 


Hi-Rel and Space Rad Hard 


Linear/RF Power MOSFETs Products 
Data Converters IGBTs ~ Logic 
DSP Functions Protection Products CD4000 
Operational Amplifiers MOVs HCS/HCTS 
Multiplexers/Switches MLVs ACS/ACTS 
Sample and Hold Surgectors Signal Processing 
PRISM™ Radio Chip Set Diode Arrays ¢ Multiplexers 
Rectifiers ¢ Sample and Hold 
Digital CMOS Intelligent Discretes ¢ Communications 
Microprocessors and MOSFET Drivers ¢ Switches 
Peripherals Power Drivers « Data Converters 
Microcontrollers DC to DC Converters ¢ Amplifiers 
Epgic.—~- AC to DC Converters Memories 
Memories Multiplex Communication SRAMs 
Class D Audio ¢ PROMs 


Communications 

Telecom Line Card ICs 

PRISM™ Wireless Radio 
Chip Set 


Motor Control 
Power Managment ICs 


Microprocessors and 


Peripherals 


Microcontrollers 
Discrete Power 


Software Radio ICs Bipolar 
Communication ICs ¢ MOSFETs 
Multimedia 

Video Decoders Me 


‘Video Encoders 
Audio Codecs 
Audio Processors 
Video Processors 


PRISM™ is a trademark of Harris Corporation 


Copyright © Harris Corporation 
1997 (All Rights Reserved) 
Printed in USA, 8/1997 
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